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THE ANTIBIOTIC PROPERTIES OF THE COMMON 
RAGWEED* 


JoHN RosBert Brown 


Considerable work has been done in search of antibiotic 
properties in seed plants since the advent of penicillin in 
general therapeutic use. Early extensive surveys were those 
of Osborn (1943) and of Sanders, Weatherwax, and McClung 
(1945). Osborn, by cup-plate testing of crude aqueous extracts 
of various parts of a large series of plants, found several mem- 
bers of the Compositae to produce Staphylococcus albus in- 
hibiting properties without appreciable Eschericia coli inhibi- 
tion. Sanders, Weatherwax, and McClung, using expressed 
juice of the green plant, list Ambrosia elatior, “Common rag- 
weed,” as- having both Staph. and E. coli inhibiting properties 
with some variability among several tests on coliform inhibition. 

My interest in this subject was aroused without prior knowl- 
edge of these discoveries by an independent observation. This 
came about as a result of curiosity concerning the substance 
responsible for the bitterness of cow’s milk in the springtime. 
Lack of time for pharmacologic study and the coincidence of 
my being occupied at the time with cup-plate testing of some 
crude penicillin suggested the idea of testing crude extracts 
of the dried leaves of the “bitter weed” Helenium tenuifolium.+ 
Skepticism as to the Staph. inhibition observed led to retesting 
in conjunction with three common weeds, one of which was 
Ambrosia psilostacha,+ the common ragweed, which exhibited 
a like property. 

Systematic effort to isolate the substance responsible for this 
activity was begun the summer of 1947. Preliminary studies 
indicated that the substance was extractable from neutral and 
acid aqueous extracts by ether, not extractable from the alka- 
line. On this basis a program for isolation was begun. Active 
crystalline substance was finally obtained at the end of a 





*Work done under Kass Fellowship Award. Received for publication 
August 16, 1948. From the Student Laboratories, The University of 
Texas Medical Branch, Galveston. 

tIdentification by Dr. S. R. Warner, Sam Houston State Teachers Col- 
lege, Huntsville, Texas. 
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series of separation procedures. The discovery of these crystals 
suggested accumulation of material in adequate quantity for 
antibiotic assay, toxicity tests, and chemical characterization. 
Too eager attempts to achieve this led to much fruitless labor 
until it was discovered that treatment with basic lead acetate 
to remove saponins and tannins must be done in slightly acid 
medium. In alkaline solution the substance is altered, and 
this was responsible for the many failures to obtain the crystals 
first found. 


Methods 


Plants were gathered, air-dried until leaves were crisp, and 
leaves stripped from the plants by hand. Activity was assayed 
crudely by maceration of two grams of dried leaves with 10 cc. 
distilled water in shell vials for 30 minutes at room tempera- 
ture with intermittent pounding and grinding with a glass 
rod. Supernatant liquor was assayed by cup-plate tests against 
Oxford strain Staph. albus; 20 to 25 mm. zones of inhibition 
after twelve hours incubation at 37 degrees C. were about the 
maximum obtained. Activity was found in the leaves at all 
seasons of the year but was noted to be more abundant when 
spring succulence began to give way to more hardened mature 
plants. Dead, blackened, dried leaves of the lower portions of 
the plant were found to be relatively inert. 

A cup-plate technique was used employing plain agar, 
pH 7-7.5 with 1.2% agar base; pour-plating after inocula- 
tion of liquid agar with one loop of 24 hour or older broth 
culture of Staph. albus grown at room temperature. Stainless 
steel penicylinders were placed lightly on the surface of com- 
pletely cooled and hardened plates, 6 to 8 per plate, with 
tests made in duplicate and quadruplicate. 

Quantitative tests were made on more refined materials by 
pipetting measured quantities (4% or 1 cc.) of freshly inocu- 
lated plain broth pH 7-7.5 into sterile culture tubes and mak- 
ing serial dilutions through these tubes of the material to be 
tested. In all tests, pH of the material being tested was ob- 
served and adjusted, if necessary, to pH 7—7.5. The end point 
adopted was the last tube showing no growth in 24 and 48 
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hours, or no growth in 24 hours and none on 12 hour sub- 
culture plate. 


Dried leaves were extracted in a Soxhlet apparatus with 
ether, four changes having been found adequate to exhaust 
the leaves. It was also found that adequate extraction occurred 
when the extractor was filled with leaves far above the siphon 
level, and in this way a large extractor was made to exhaust 
100 grams of leaves in 1-114 hours, the ether being caught in 
the flask below over 500 cc. of water. 


One to four changes of leaves were thus extracted without 
changing the contents of the receiving flask. At the end of 
extraction excess ether was distilled off and the green residue 
on the surface of the water was shaken with the water once, 
vigorously, the flask was cooled and the water decanted through 
a thin layer of glass wool. The green residue of the decantation 
was feund to impart activity to water on heating and shaking 
with 200-400 cc. portions of water until a total of about 800- 
1,000 cc. water per 100 grams of leaves initially extracted was 
reached. 


Basic lead acetate 4% gram per 100 cc. was added to the 
decanted solution with vigorous stirring (this solution was 
always found to turn nitrazine paper yellow and thus not to 
require adjustment before addition of the lead acetate). The’ 
yellow precipitate formed was filtered away on coarse paper. 
This filtrate was then placed in large porcelain evaporating 
dishes, about 100 cc. per dish, and large filter papers used as 
wicks to hasten evaporation at room temperature. Approxi- 
mately 24 hours was required for complete drying. The dried 
dishes and wicks were washed three to four times with small 
quantities of acetone and the washings gathered in a glass 
crystallizing dish. Using a paper wick to hasten evaporation 
of the acetone, most of the substances obtained appeared in the 
form of large rosettes of long slender crystals, white or trans- 
lucent, in two to four hours, with a tinge of yellow or per- 
ceptible globules of yellow-brown waxy residue associated. 
Re-solution with acetone after complete drying was found to 
leave some white, acetone-insoluble residue behind in the 
dish. Therefore, transfers were made two to three times 
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before any effort was made to dissolve the material in water 
for recrystallization. 

Recrystallization was done by transfer of the solid mate- 
rial by spatula to 25 to 50 cc. portions of hot water in a 
beaker placed in a boiling water bath. The substance was 
added and dissolved until marked clouding was observable on 
slight cooling of the beaker. This was then brought to a boil 
directly over a low flame, and filtered through a hard paper 
disk in a Gooch crucible with suction-flask apparatus, pre- 
viously heated by pouring boiling water through the filter 
and fitted with a large empty test tube to catch the filtrate. 
The supernatant of the cooled filtrate after being filtered from 
the crystals formed was resaturated and filtered again for 
economy of material. 

The chief residue of recrystallization is a yellowish brown 
gummy or waxy substance finally melting with vigorous boil- 
ing, rising to the top of the water as a scum and clinging to 
the sides of the vessel and stirring instruments. Small quan- 
tities may go through the filter (probably on second use of 
a filter without cleaning it) and appear in small quantities 
on re-solution of crystals from the first recrystallization. This 
residue is troublesome in that it tends to embed small por- 
tions of the substance being recrystallized and prevent its 
solution in water. However, this is obviated by bringing the 
batch to vigorous boiling just before filtration. The gummy 
residue will float free and can be kept on top and away from 
the filter disk as long as some solution is kept in the filter cup. 
Filter cup, beaker, and stirring apparatus can ‘be readily freed 
of this gum by washing with acetone. 

The material so far obtained may be characterized as a 
bitter crystalline substance; slender, shiny white needles in 
bundles and rosettes obtained on recrystallization from water; 
rapidly and freely soluble in acetone and 95% ethanol, very 
slightly soluble in water (approximately 10 mg. per cc. at 25 
to 30 degrees C.); very slightly soluble in ether and prac- 
tically insoluble in petroleum ether and carbon tetrachloride; 
neutral in aqueous solution; extractable from acid and neutral 
aqueous solution by ether, and not extractable from alkaline. 
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The melting point range of material thrice recrystallized 
from water: 160° to 164° C. uncorrected. It melts as a color- 
less liquid, vaporizes on raising the temperature, and burns 
with some difficulty with a yellow flame and much carboniza- 
tion. A slight residue remains on ignition. 

The substance reacts readily with bromine in aqueous solu- 
tion with notable decrease of pH to or below 5.5 as compared 
to water blank similarly treated, which showed little if any 
pH change to indicator tests. Solubility in carbon tetrachloride 
is too low to observe bromine reaction in this medium. Bro- 
mination of a small quantity of saturated aqueous solution 
by agitation in a test tube filled with bromine gas 2 to 3 times 
in the course of one to two hours until yellow color persists, 
produces a white waxy precipitate and cloudy white suspen- 
sion. Both clear filtrate and the residue (after adequate aera- 
tion to remove yellow color, solution in water and adjustment 
of pH to neutral) are active antibiotically. Activity is quali- 
tatively the same as for the unaltered crystalline material 
with greater potency and some reduction in toxicity to mice. 

Formation of an active, relatively water-insoluble crystalline 
compound on exposure of the crude aqueous solution of the 
ether extract to lead in alkaline solution occurs. This sub- 
stance was not further explored. 

Reaction of crude solution with dinitro-phenyl hydrazine 
was negative. No reducing action was demonstrable by Bene- 
dict’s test, and slight or no reduction of Benedict’s solution by 
the acid hydrolysate. 

The antibiotic activity of the substance seemed unaffected 
by autoclaving the crude aqueous solution and one cc. por- 
tions of broth dilutions thereof at 15 lbs. steam pressure for 
15 minutes. The activity of crude leaf extract was destroyed 
in 2 normal hydrochloric acid in four hours or less at room 
temperature; only partially impaired in 28 hours in 2 nor- 
mal sodium hydroxide. The activity was also found to diffuse 
through cellophane membrane. 


Bacteriologic Data 


In general, this substance, whose presence was detected and 
followed through the various procedures to isolation by cup- 
plate assay of its antistaphylococcic activity, is selective in its 
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activity against Gram-positive organisms. Its activity against 


Gram-negative baccili is of such low order as not to be 


consistently and definitely demonstrable by cup-plate assay. 
Table I offers data to justify this interpretation. 


TABLE I 


A CRUDE ANTIBACTERIAL SPECTRUM OF THE ANTIBIOTIC 
PROPERTY OF RAGWEED COMPARING THE ACTIVITY OF 
CRUDE EXTRACT, CRYSTALLINE SUBSTANCE, AND 
BROMINATED CRYSTALLINE SUBSTANCE 





Inhibition Zones in mm. 


Aqueous crude 


Neutralized filtrate 
Saturated of bromine treated 


solution saturated solution 





Organism leaf extracts of crystals of crystals 
a 15 25 25 
Staph. aureus #1 ........... 10 15 15* 
Staph. aureus #2 ........... Ring halo 15 15° 
Staph. albus (Oxford) ....... 15 20 20 
Bacillus subtillis ............ 0 15 15 
Mycobacterium “leprae” ..... 12+ 20+ 20+ 
Monilia albicans (in Sabouraud’s 

medium) 
12 hr. reading (12 hr. at 
ghey ee ree 15 20 25 
24 hr. reading (12 at 
room temp.) .......... 0 10 25 
36 hr. reading (24 at 
room temp.) .......... 0 0 10 
Serratia marcesens .......... 0 15 partial 15 partial 
Salmonella (Para B) ........ 0 12 12 
Pseudomonas pyocyaneus .... 0 Ring halo Ring halo 
Proteus vulgaris ............ 0 0 0 
Klebsiella pneumoniae ....... 0 0 0 
re 0 0 0 
Eberthella typhosa .......... 0 0 0 





*More distinct line of demarcation of zone inhibition. 
+As read by suppression of fine, thickly dispersed colonies; scattering 
large colonies on surface were seen in same frequency throughout plate 
in and out of zones of inhibition. 
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No clear-cut qualitative difference is apparent in the activity 
fresh from its source and in the activity of the purified sub- 
stance or its bromine treated counterpart in the above table. 
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More quantitative data is given in Table II. This was ob- 
tained by serial dilution of substances tested in broth and 
oxalated human blood as outlined under methods. Complete 
inhibition was taken as the last tube showing no growth in 24 
hours at 37 degrees C. and none in 48 hours of the same— 
the practical equivalent of that used in earlier technique: tak- 
ing the last tube with no growth in 24 hours and giving no 
growth on plate subculture in 8 to 12 hours. The blood medium 
necessitated the plate subculture technique to demonstrate 
presence or absence of growth after 24 hours. 

On the basis of the above data 1/32 of a cc. per gram body 
weight was taken as the minimal antistaphylococcic dose and 
preliminary toxicity studies were undertaken on this basis. 
Two minimal antistaphylococcic doses or 2.1 cc. of saturated 
solution of crystals, thrice recrystallized, produced death in 
a 34 gram male white mouse 50 minutes after intraperitoneal 
injection. A 26 gram male white mouse survived two minimal 
antistaphylococcic doses of the bromine treated material for 24 
hours, but succumbed within 10 hours following a second 
dose given at the end of the 24 hours, intraperitoneally. 

Comparable data had been obtained with incompletely re- 
fined material in November, 1947. At that time the impres- 
sion was gained that the degree of activity of both brominated 
- and untreated material was greater against Staph. albus Oxford 
in plain broth than in the same with 1% dextrose added. 


Discussion 


The motive, other than that of adventure, initially prompt- 
ing the effort to isolate and further define the activity of the 
substance under discussion was, as ever, a hope for a thera- 
peutically useful antibiotic. The first inclination was to dis- 
count its possibilities completely in that it promised little if 
any difference from penicillin in spectrum of sensitive or- 
ganisms. But for the hope that its relative stability might 
enable its use by oral route and for curiosity concerning its 
toxicity, the study might well have been passed by. The data 
presented, incomplete as they are, define the substance as a 
poor antibiotic indeed in comparison with penicillin, its tox- 
icity promising to exclude it from any practical therapeutic 
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use, not to speak of the inconveniently low solubility in water 
and its low order of activity. 


SUMMARY 


A product of ragweed first detected and traced to its isola- 
tion by its antistaphylococcic activity was found to be a 
bitter, crystalline non-alkaloid, and was prepared by extrac- 
tion from crude aqueous leaf extract with ether; resolution of 
the ether residue in water; separation from substances pre- 
cipitated by basic lead acetate at pH 6-6.8 by filtration; evap- 
oration of the filtrate; concentration of acetone soluble fraction 
of the residue; and recrystallization from water. Preliminary 
toxicity data seem to exclude the substance as a systemic 
antibiotic. However, in vivo antibiotic studies have not been 
undertaken. Activity of the crystalline substance and its crude 
source were found to be parallel qualitatively. 

The writer is grateful to the Departments of Bacteriology, 
Biochemistry, and Pharmacology of The University of Texas 
Medical Branch, Galveston, Texas, for space and facilities 
making possible this work; to Dr. B. M. Hendrix, Dr. M. J. 
Wingo, Dr. Andrew Ormsby, and Mr. Park Wharton for 
suggestions relating to the chemical phases of the problem; 
to Dr. W. B. Sharp and Dr. C. E. Lankford for bacteriologic 
suggestions; and to Dr. Paul Ewing and Dr. George Emerson 
for the mice used. 
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ARMAGEDDON OF THE MICROBES: A CONSIDERATION 
OF CERTAIN RELATIONSHIPS IN A MICRO- 
BIOLOGICAL SOCIETY* : 


RoBERTSON Pratt 


“Everywhere we look we see even-handed Nature ministering 
her laws of compensation.”—Alezander Smith, On the Writing 
of Essays. 


The component members of any society, whether it be an 
aggregation of human beings or of other living organisms, are 
continuously influenced by their environment. This is equally 
true of the cells comprising a single organism. Furthermore, 
the neighboring beings or organisms or cells constitute an 
important part of that environment. Several organisms or 
cells whether of the same or of different kinds cannot long 
exist in a limited space without affecting and/or being affected 
by their neighbors. This fact is fundamental in all studies 
of growth and development whether one is concerned with 
the morphogenesis and ontogeny of an individual organism 
or with the growth, development, and decline of mixed popu- 
lations of plants or of animals. The same principle applies 
even in the waxing and waning of human civilizations. 


Beneficial and inimical relationships among the members 
of a society depend in large measure on fields of diffusion. 
A field of diffusion may be defined as a sphere of influence 
in which one or more forces exert an effect and in which 
there exist concentration gradients of the effective forces. The 
diffusible factors may belong to the physio-chemical world, 
and as such be amenable to precise measurement by physical 
or chemical means, or they may be intangible but ncne the 
less real, like the psychical, spiritual, and emotional forces 
that are often difficult to evaluate with precision and that 
seriously complicate attempts to make quantitative studies of 





*¥rom the University of California College of Pharmacy, The Medical 
Center, San Francisco, California. Based on an address delivered Septem- 
ber 11, 1948, at the Symposium on Co-operation and Conflict Among Liv- 
ing Organisms held in conjunction with the centennial celebration of the 
American Association for the Advancement of Science, Washington, D.C. 
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the “mechanism of action” in societies of human beings and 
of some other species of animals. 

Perhaps the relationships among different components of 
a homogeneous or heterogeneous population are most readily 
reduced to quantitative physicochemical terms when the sub- 
jects under observation are microorganisms, and when the 
active diffusible factor of one of the associated members can 
be extracted from the organism and isolated as a pure chemical 
compound. This can be done in the comparatively new field 
of research in antibiotics, those compounds that are produced 
by one microorganism and are inimical to the life activities 
of certain other microorganisms. The relations between bac- 
teria and penicillin, which is produced by several species of 
molds, have been studied most extensively, and will be drawn 
upon freely to illustrate the concepts that are presented. 
Similar relationships, mutatis mutandis, exist between other 
organisms and other antibiotics. 

In a heterogeneous society of microorganisms (mixed cul- 
ture) all of the individuals of a given species may be con- 
sidered collectively as one member or component of the 
population and as such they may be considered roughly anal- 
ogous to what in human society is recognized as a “pressure 
group.” Given sufficient time, in a limited environment such 
as exists in laboratory cultures or in small pools or lakes, 
generally a given group or even a single species of micro- 
organism will dominate or be dominated. It will supplant or 
be supplanted by other species or groups. The well-known 
succession of species is in part a manifestation of the con- 
tinuous battle for “lebensraum,” for survival, and for suprem- 
acy. This phenomenon of conflict or of antagonism among 
different kinds of microorganisms was employed empirically 
thirty or more centuries ago by the Chinese who cured boils, 
carbuncles, infectious acne, and like ailments by treating the 
infected areas with soy bean curd that had become infested 
with mold (Penicillium?). 

The more recent development of a system of chemotherapy 
employing antibiotics is essentially a refinement and exten- 
sion of the crude technique of the ancient Chinese. Penicillin, 
streptomycin, aureomycin, polymyxin, and chloromycetin are 
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only the more prominent of many natural antibiolic com- 
pounds that have been isolated from different molds and bac- 
teria and that have been employed therapeutically to combat 
infectious germs. The usefulness of these techniques in which 
man adapts to his own ends the “war-making potential” of 
certain microscopic organisms is established beyond doubt. It 
is unnecessary for both organismal protagonists in the conflict 
to be present. When the active, diffusible principle of one 
of the opponents is extracted and concentrated and then trans- 
ferred to a new environment, it constitutes a new center for 
a field of diffusion which is similar in biological properties 
to the field that existed initially around the living organism. 
Harnessing of the natural antagonisms of the lower or- 
ganisms to make them serve man’s purpose need no longer 
be limited to therapeutic treatment of superficial local infec- 
tions that can be reached by topical application of the moldy 
curd of soy bean or by poultices of moldy bread such as the 
ancient Greeks employed. Instead, a field of diffusion of the 
active material can be established in muscle, the blood, or 
almost any tissue of the body, thus making possible successful 
treatment of a number of deep-seated or systemic infections. 


* * * * * * + 


“There is no permanent stability and security and changelessness, 
for then life itself would cease. At the most we can seek a rela- 
tive stability and a moving equilibrium.”—Jawaharlal Nehru, 
The Discovery of India. 


The development of resistant strains of bacteria in (or from) 
cultures of normally sensitive species exposed to an appro- 
priate antibiotic is well-known. In the case of certain anti- 
biotics, especially streptomycin and subtilin, it constitutes an 
extremely serious clinical problem which is worthy of philo- 
sophical speculation. 

To every force there is always an opposing force. This is 
stated succinctly in Newton’s third law of motion, viz., “To 
every action there is always an equal and contrary reaction.” 
This fundamental truism applies not only in the realm of 
physics, but in the fields of sociology and of biology as well. 
In the latter two cases it may be said that, figuratively speak- 
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ing at least if not in the strictest literal sense in which the 
physicist employs the terms, force creates force. When op- 
pressive or unduly restrictive political or social measures are 
imposed. on a human population a resistance movement soon 
develops. The magnitude and vigor of the opposing movement 
are proportional to the magnitude of the oppressive force. One 
should not labor the analogy between human and microbio- 
logical populations but it might be said that the development 
of resistant strains of bacteria in a normally sensitive species 
exposed to an antibiotic can be considered somewhat analogous. 

The common explanation for this phenomenon in biological 
terms is that resistant strains arise through mutation and 
selective survival. Indeed, the tendency for unfavorable en- 
vironmental conditions to favor incidence and survival of 
mutations in cultures of microorganisms is well-known and 
has been used often for practical purposes, especially in the 
fermentation industries. Commercial yields of penicillin, of 
itaconic acid and of other important chernicals produced as 
products of fermentation have been increased markedly by 
selection of strains arising from exposure of the parent organ- 
isms to almost lethal doses of X ray or of ultraviolet radiations. 
Although development of mutants undoubtedly is important 
in some of these instances, it cannot be stated unequivocally 
that this is the sole or full explanation. The mechanisms by 
which strains that are highly resistant to antibiotics may be 
developed from apparently normally sensitive cultures of bac- 
teria exposed to the antibiotic are not understood at present. 
It is known, however, that when such artificially-induced 
resistant cultures are grown for several generations in normal 
media lacking the antibiotic, they tend to revert to their nor- 
mal condition, although in many instances, especially in the 
case of induced resistance to streptomycin, they apparently 
never completely revert to their initial sensitiveness. This 
tendency to reyert to the normal sensitiveness could be taken 
to argue against the mutation theory of development of re- 
sistant strains, although how tenable such a position would 
be it is difficult to say from the currently available evidence. 

Another interesting problem concerned with resistance of 
bacteria to antagonistic organisms or to antibiotics is the wide 
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variation in sensitivity that may occur in a single “pure” cul- 
ture. Of course, it is generally recognized that in any popu- 
lation of bacteria, theoretically homogeneous with respect to 
species, there is a heterogeneity of individuals just as there is 
in populations of other living organisms. 

For example, studies on 203 cultures of Neisseria gonorrhea 
to determine the minimum inhibiting concentration of peni- 
cillin revealed an 8-fold range in resistance. Some cultures 
were inhibited by as little as 0.0015 microgram/ml. but 

, the most resistant ones were checked only by a concen- 
tration as high as 0.012 microgram/ml. A_ 15-fold range 
in resistance has been reported in cultures of Strepto- 
coccus pyogenes and more than a 25-fold range in cultures 
from a species of Pneumococcus. It might be thought that this 
variation in resistance within a species that is generally con- 
sidered susceptible to penicillin would be of little importance 
from a practical standpoint, since it would be necessary only 
to increase the dosage until it became sufficiently high to 
adequately control even the most resistant forms. Unfortu- 
nately this idea is based on the false assumption that if a little 
is good, more is better. Although this may be true over a 
limited range of concentrations, it most certainly is not true 
over. a wider range. The experiments of investigators in this 
country and abroad have independently established the exist- 
ence of optimal concentrations of penicillin above and below 
which inhibition of bacterial activity and growth is less pro- 
nounced. 

On the basis of a normal distribution curve, one would 
expect to find variations in the reaction of different cells of 
a culture to penicillin or to any other unfavorable environ- 
mental factor. It would be surprising if all the individuals 
composing the population were equally sensitive. Conse- 
quently, at first consideration, little theoretical interest would 
seem to attach to the occurrence in a penicillin-sensitive cul- 
ture of the small number of resistant cells which probably 
are always present in the population but which normally are 
overwhelmed by the vastly larger number of the normal 
members of the population, and, therefore, have an oppor- 
tunity to develop abundantly and to become prominent only 
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under conditions that tend to suppress their more numerous 
relatives. However, two points that are pertinent to a dis- 
cussion of conflict among microorganisms and that may be of 
practical as well as of theoretical interest are involved. The 
first is the sensitizing effect that a penicillin-sensitive cell 
may exert on a more resistant neighbor. The second is con- 
cerned with the more complex problem of the numerous fac- 
tors that regulate growth and development in a society of 
microorganisms that is homogeneous with respect to species 
(pure culture). 

Consider first the sensitizing action that penicillin-susceptible 
cells may exert on more resistant neighbors. It should be 
recalled at the start that it is well established that micro- 
organisms are most susceptible to the action of penicillin 
when they are in the most rapid phase of growth and that 
incorporation in the culture medium of growth stimulating 
substances enhances the action of penicillin. Cytochemical 
studies have demonstrated that as bacterial cells are affected 
by bacteriostatic concentrations of penicillin some of their 
components are liberated into the surrounding medium through 
which they diffuse, and it seems likely that some of these 
substances are absorbed by nearby cells, the growth of which 
is thereby accelerated. Support for such an hypothesis is 
provided by the fact that when appropriate bacteria are cul- 
tured in the presence of low concentrations of penicillin in 
broth, successive waves of growth occur. This may be inter- 
preted as indicating that when cells of these organisms are 
suspended in broth containing low concentrations of peni- 
cillin, the most sensitive cells which are affected first, as they 
undergo lysis or disintegration, release into the medium sub- 
stances that promote a wave of growth among the more 
resistant cells which thus are rendered more susceptible to 
the action of penicillin. The process may be repeated several 
times until ultimately the culture is sterilized. Thus the 
course of events in cultures exposed to appropriate concentra- 
tions of penicillin might be visualized as somewhat analogous 
to a “chain reaction.” Paraphrasing a statement in the British 
Medical Journal, it is difficult to absolve the cell from the 
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charge of collaboration not only in its own death but in that 
of its neighbors. 

As was stated before, the occurrence of a small number of 
relatively resistant cells in pure cultures of penicillin-suscept- 
ible species of bacteria might be dismissed as a phenomenon 
unworthy of consideration, since it is precisely what should 
be expected on the basis of a normal frequency distribution. 
In some cases the less sensitive forms have been shown to be 
characterized by lower rates of respiration and metabolism 
than the typical cells of the culture and this is generally 
accepted as an adequate explanation for their lower sensitive- 
ness, since it is well-known that in species that are amenable 
to treatment with penicillin there is a direct correlation be- 
tween effectiveness of the antibiotic and the rate of metabo- 
lism. Although one may thus explain adequately the partial 
indifference of these cells to the action of penicillin, no explana- 
tion is afforded thereby for their lower metabolic activity. 
The fact that some of the less sensitive cells are capable of 
growing and of reproducing abundantly when isolated from 
their more numerous relatives and neighbors suggests that 
normally they may be under some inhibiting influence exerted 
by the more active cells. It might be profitable to study 
penicillin-sensitive species of bacteria with a view to deter- 
mining whether in the absence of penicillin the more numerous 
“typical” cells produce and liberate into the medium a sub- 
stance that is antagonistic to other individuals in the popula- 
tion. Similar studies on the unicellular green alga, Chlorella 
vulgaris, and on species of the protozoa, Chilamonas, have 
revealed the presence of powerfully active growth regulating 
substances in cultures of these organisms and it seems likely 
that a similar situation may exist in pure cultures of bacteria. 
Such studies might lead to isolation of potentially useful new 
antibiotic agents. 

It should be pointed out that the terms “sensitive” and 
“resistant” in the above discussion pertain to degrees of sensi- 
tiveness within penicillin-susceptible species. 

The relations between naturally resistant species and nat- 
urally sensitive species of bacteria and penicillin may be 
considered essentially similar, since gram-positive (sensitive) 
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and gram-negative (resistant) organisms are affected by peni- 
cillin through the same biochemical systems and undergo the 
same chemical, physical, and morphological changes. The 
threshold concentration at which the effects of penicillin be- 
come manifest is, however, many times greater in cultures 
of gram-negative than in those of gram-positive organisms. 
The explanation for this phenomenon may be sought, in part 
at least, in the little understood biochemical nature of the 
gram-positive complex which can be removed from and re- 
placed on bacterial cells at the will of the investigator by the 
use of appropriate techniques. 


- * * * * 7 - * 


“Life is a principle of growth, not of standing still, a continuous 
becoming which does not permit of static conditions.” —Jawaharlal 
Nehru, The Discovery of India, 


There are many other interesting problems concerned with 
the relations among antagonistic organisms. Some of them are 
most intriguing, and afford stimulation for further research. 
One such problem is the production by some bacteria of peni- 
cillinase, an enzyme capable of destroying penicillin. Can this 
be considered as a sort of defense mechanism? It is known 
that some of these organisms not only destroy penicillin but 
also retard growth of the mold that produces it and that some 
species of penicillin-producing molds elaborate an anti-peni- 
cillinase factor that tends to retard the action of the enzyme. 
Does this constitute part of the scheme of nature that tends 
to maintain a “balance of power’? Another problem con- 
cerns the role that the environment plays in determining the 
ultimate relationship between antagonists. For example, the 
introduction of minute amounts of cobalt or of Vitamin K, 
has been found to lower appreciably the effective threshold 
concentration of penicillin for inhibiting both sensitive and 
resistant species of bacteria, the sensitivity of the organisms 
being increased in some cases as much as twenty to thirty 
times and in the case of one resistant form as much as one- 


hundred fold. 


An interesting and apparently paradoxical effect that fur- 
ther emphasizes the influence of environment in determining 
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relations between one microorganism and the products of 
another is obtained when suitable bacteria are exposed to 
penicillin under anaerobic conditions. Quite the contrary of 
conflicting with the activities of the bacteria, penicillin may 
actually prolong their life and favor growth. This observa- 
tion is not as paradoxical as it appears at first. Experiments 
concerning the mechanisms involved in the interaction be- 
tween penicillin and bacteria have suggested that the antibiotic 
augments and accelerates respiration in the bacteria. Under 
normal conditions this accelerated activity superimposed upon 
the normal respiratory system of the cell soon becomes dele- 
terious, but in an anaerobic environment it may provide a 
new kind of metabolic pathway by which the bacterial cells 
are enabled to provide, to a limited extent at least, for some 
of their energy requirements normally supplied through aerobic 
respiratory systems. This suggestion may be considered un- 
orthodox in some respects, but may none the less prove to be 
an interesting starting point for further experimentation. 


There may be some who will object to the analogies that 
have been made between the principles that seem to operate 
in human societies and in societies composed of microorganisms. 
Some may claim that science deals in observable and verifiable 
facts and that it has no place for philosophical concepts. For 
those individuals, I should like to call attention to the words 
of two illustrious scholars, one an outstanding biologist, the 
other an eminent philosopher, as quoted by Chauncey Leake 
in his Ethicogenesis. Edwin Grant Conklin of Princeton Uni- 
versity wrote “Biologically life is maintained by continued 
balance, cooperation, compromise; and the same principles 
apply to the life of society,’ while years of reflection and 
philosophical study led John Dewey of Columbia University 
to conclude that ““A morals based upon study of human nature 
instead of upon disregard for it would find the facts of man 
continuous with those of the rest of nature and would thereby 
ally ethics with physics and biology.” 
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Epiror1AL NoTE: The author has been engaged for several years in re- 
search on penicillin, and since 1946 especially on the mechanism of its 
antibiotic action. Detailed technical accounts of the later experimental 
work and its results have been published, mainly in the Journal of Bac- 
teriology, volumes 53-57, under the title “Cytochemical Mechanisms of 
Penicillin Action.” The researches of the author and his colleagues have 
been summarized and integrated with the research of other investigators 
in two review papers with extensive bibliographies. These are as follows: 


(1) Cytochemical interpretation of the mechanism of penicillin action, 
Bact. Revs. 12:79-103, 1948, and (2) Recent research on the mech- 
anism of penicillin action, Bact. Revs. 13: In press, 1949. 
Another detailed technical review by Robertson Pratt and Jean Dufrenoy 
will appear in the next issue of Texas Reports on BiroLocy AND MEDICINE. 
This will contain a full bibliography. 











THE TEXAS CITY DISASTER: PATTERN OF INJURY 
IN 3,000 CASUALTIES 


VIRGINIA BLOCKER* 


The Texas City disaster included two separate explosions 
approximately sixteen hours apart. They were of equal in- 
tensity so far as property damage was concerned, but from 
the High Flyer explosion on April 17 there was only one 
death reported, and fewer than ten persons were hospitalized 
for treatment of major injuries since, fortunately, the water- 
front area had been completely evacuated except for fire- 
fighters and rescue workers. At the time of the Grandcamp 
explosion on April 16, however, the entire dock region was 
heavily populated with industrial workers and with a large 
number of spectators who had gathered to watch the fire. 
There was heavy concentration of persons at the end of the 
slip in which the ship was docked (see Figure 1) and on the 
wharf of the Monsanto warehouse directly across from the 
burning ship. Moreover, many persons inside buildings were 
standing at windows and were thus exposed directly to trauma 
from flying glass and other debris. 


There were in round numbers 560 persons killed or missing 
from the first explosion and 800 patients hospitalized with 
serious injuries. It has been estimated that between 3,000 
and 4,000 other persons sustained minor trauma of one type 
or another. 


In studying the pattern of injury among disaster victims a 
a survey has been made of 3,000 casualties who were within 
4,000 feet of the Grandcamp. Information has been obtained 
from the Red Cross, The Bureau of Identification of the 
Department of Public Safety, hospital and clinic records, per- 
sonal communication with the various industrial agencies in 
the disaster area, a review of records of the Texas City Ter- 
minal Railway Company and the Monsanto Chemical Com- 
pany, direct interview with a large number of patients, and 





*From the Department of Internal Medicine, The University of Texas 
Medical Branch, Galveston. Received for publication September 20, 1948. 
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finally from questionnaires* distributed to homeless “refugees” 
quartered at Camp Wallace and to other persons willing and 
able to give a coherent account of their experiences. 
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Figure 1—Map or AREA. 


Almost all the persons killed or seriously injured were within 
a radius of 1,000 feet from the center of the blast. Deaths 
in this area occurred from the combined effects of primary 
blast injury; dismemberment or crushing injuries from the 
heavy barrage of steel fragments of all sizes which were 
hurled in every direction as the ship exploded; injuries from 
collapsing buildings; fire; and drowning. At the time of the 
explosion the water rose out of the sides and ends of the slip 
as a sort of tidal wave to a depth of about ten feet. Many 
persons were able to swim to land or cling to floating timbers, 





*See appendix. 

















24 Blocker 





but undoubtedly numerous deaths were due primarily to 
drowning in the case of children and those stunned by effect 
of the blast or knocked unconscious by flying debris. 

It is impossible to estimate the number of deaths from fatal 
burns. There were practically no burns among patients ad- 
mitted to hospitals and no deaths in this group were attributed 
primarily to fire. Fatal burns occurred chiefly in the Mon- 
santo polystyrene plant. Here rescue of bodies was impos- 
sible during the height of the fire which followed the explo- 
sion, and it is felt that in all probability most of these casual- 

“ ties were primarily from direct and secondary effects of the 
explosion. 

There were no survivors among firefighters or crewmen who 
were either on board ship or on the dock alongside, and no 
bodies were recovered among this group. A total of nine 
persons reported that they had been watching the fire from 
the wharf within a distance of 100 feet, the closest being 39 
feet. Within 500 feet there were 112 survivors and an addi- 
tional 418 in the area from 500 to 1,000 feet from the blast 
center. 


Types of Injuries 


Within the first zone there were approximately 250 persons 
who required no medical treatment and who escaped with- 
out demonstrable injury. (See Figure 2.) The majority of 
survivors, however, showed multiple major injuries and frac- 
tures and evidence of either severe or mild blast injury. Per- 
sons within buildings received numerous punctate lacerations 
from broken glass in addition to other trauma. 

The second zone, from 1,000 to 2,000 feet, was not heavily 
populated at the time of the disaster. Here there were, hence, 
only a few deaths, and major injuries were confined chiefly 
to persons within buildings and to those who happened to 
be standing in the path of flying debris. Patients in this area 
showed characteristically some evidence of direct blast injury. 
In the third and fourth zones there were a large number of 
school children (approximately 1,400) in addition to families 
of workmen in the industrial regions at the dock; typical 
injuries in these regions were minor lacerations, principally 
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from broken glass windows, contusions and abrasions. Blast 
injuries were of minor nature. 
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Ficure 2. 


Figure 3 shows in graphic form a comparison of the dif- 
ferent types of injuries in the entire series of patients studied. 
Minor lacerations and contusions occurred in a total of 1,452 
persons as compared with 332 with major lacerations and 
331 with one or more fractures. Head injuries were con- 
sidered severe in 56 cases, mild in 161 others; these included 
for the most part the 186 who reported a period of uncon- 
sciousness ranging from a few seconds to 48 hours. 

There were 38 severe eye injuries (one patient required 
evisceration of both eyes); 85 were of milder degree. Five 
patients reported blurring of vision for several hours, but 
adequate studies were not made to determine whether or not 
they suffered corneal blast injury. 
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Only seven serious burns were discovered; the 44 cases of 
mild burns were for the most part sustained from hot water 
heaters and stoves rather than from fires set off by incendiary 
missiles from the Grandcamp. 
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Ficure 3. 


Of interest, but not recorded on the chart, were eleven cases 
of delayed or missed menstrual periods and two abortions in 
women within 1,000 feet of the explosion center. A number 
of other pregnant patients in zones further removed reported 
no complications. 

In studying pure blast injury perforation of ear drums has 
been considered as the only single objective sign. Although 
most cases were found within 1,000 foot radius of the Grand- 
camp, many perforations occurred in persons outside with- 
out protection of buildings in the residential zones (2,000 to 
4,000 feet), and one case was found almost a mile away in 

* the most distant region covered by the survey. A total of 274 
patients with perforation were enumerated, 140 with both 
drums affected, 134 with only one. Hyperemia of the drum 
with deafness lasting several days was reported in twelve 
instances. 
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Undoubtedly figures for perforation fall short of the actual 
number which must have occurred. Surprisingly enough, a 
few patients quite close to the blast center had no ear drum 
injury. One Terminal Railway official who went virtually 
unscathed through both explosions in spite of being about 
600 or 700 feet from the blast center on each occasion, felt 
that his ear drums were protected by the fact that he was 
yelling with his mouth wide open at the moment each ship 
blew up. 

It was generally true that within the first zone persons 
standing with one side toward the blast lost only the ear 
drum on that side, whereas those further back in the second 
zone were likely to have perforation of both drums in spite 
of their position. Patients who were protected from the direct 
effects of the concussion wave either within buildings or by 
intervening structures showed as a rule only a small per- 
foration. Many who stood outside in direct line of the ship 
lost the entire drum on one or both sides. 

Evidence of blast injury to the lungs was unfortunately 
not substantiated by X-ray examination in the majority of 
cases since early attention was of necessity given to diagnosis 
of fractures and other conditions amenable to surgical treat- 
ment. A total of 155 patients reported either severe pain 
and tightness in the chest accompanied by shortness of breath 
or coughing up of blood either on one occasion or for as long 
as.a week. In the absence of fractured ribs or severe chest 
injury it seems that these symptoms must be presumptive 
evidence of blast injury to the lungs. 

In 74 patients within the immediate blast area there were 
gastro-intestinal symptoms: abdominal pain, nausea, vomit- 
ing, vomiting of blood, or melena. Eight patients had severe 
injury to the kidneys and bladder; 26 others, some of whom 
were not hospitalized, complained of urinary retention, which 
is a fairly common symptom of blast injury. 

No attempt has been made to tabulate the number of patients 
with persistent cerebral symptoms since it is difficult to differ- 
entiate psychic and organic factors without thorough study. 
A great many cases of so-called blast concussion had no signs 
of cerebral injury at the time of hospitalization; on the other 
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hand the majority of those who survived serious head injury 
have made most satisfactory recovery. 

In reviewing the orthopedic injuries it has been impossible 
to secure accurate figures on the number of compound frac- 
tures except at John Sealy Hospital, where there were 34 out 
of 133 separate fractures (including those of the skull). It 
wiii be noted that fractures of the upper and lower extremity 
were about equal in number with a large number of rib and 
skull fractures and eleven instances of fracture of the scapula, 
which gives an indication of the severity of injury in many 


* cases. 


Hospital Deaths 


Of the official list of 563 persons killed or known definitely 
to be missing following the Texas City explosions, only 50 
died following hospitalization. At the John Sealy Hospital 
there were eighteen deaths. Four patients were dead on ad- 
mission. The remaining fourteen may be summarized as 
follows: 

Cause of Deaths—John Sealy Hospital 


I. Death 24 hours after injury, 4/16 to 4/17 


IE Nien inacseceisgnpnince acids utpnecniinanebelecseoicsiehiions 3 
2. Head injury plus compound fracture or traumatic 
I anilecex apn sstiicnivacniotc taints sineacebiniiredeaiies 2 
3. Head injury and crushing wound of chest................ 2 
4. Ruptured spleen and head injury............................. 1 
5. Penetrating abdominal wounds, severe shock, gas 
gangrene and anesthesia (death on operating 
RST PRESSES SESE TEE ses oe ane eae eens ei 2/1 1 
II. Death 2 to 5 days after injury, 4/18 to 4/23 
ETE Ee a IS Oe 2 
2. Head injury, compound fracture, abdomino-urinary 
I I Cale i cies cag celtiannccaiacaampinaile: 1 
3. Transverse myelitis, head injury, multiple internal 
I os hasaciscarsicbadsislotiuaxiternesicaninrsnmi is sibdinanioe 1 
III. Death one month after injury 
1. Massive pulmonary infarcts............222.2..22022..1020--0000++ 1 


It was unfortunate that only a few autopsies were per- 
formed on patients who died in hospitals and that none were 
made on the large number of victims brought to the public 
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morgue. Cause of death in many instances was obviously 
due to dismemberment from flying particles of steel and other 
debris. In others it was impossible to tell, without adequate 
post-mortem examination, whether death was due primarily 
to the effects of blast, to drowning, to fire, to head injury or 
to a combination of several of these. Autopsies on hospital 
patients showed in addition to individual injuries and com- 
plications typical signs of blast injury: scattered petechiae, 
small hemorrhages, and hyperemia in sections of the brain, 
heart, lungs, liver, kidneys, and gastro-intestinal tract. One 
patient who died 48 hours after injury showed acute fatty 
metamorphosis of the liver and another on the same day had 
a considerable amount of diffuse fatty change in this organ. 


Medical and Surgical Complications—John Sealy Hospital 


Among approximately 300 patients admitted to the John 
Sealy Hospital and its convalescent units there were seven 
instances of clinical gas gangrene, but no deaths could be 
attributed to the infection. Two patients who died within 
24 hours after injury from severe head trauma and multiple 
penetrating abdominal wounds showed evidence of early gas 
gangrene; and a third, who died five days after the disaster 
from head injury and uremia following an abdomino-urinary 
fistula, had evidence of beginning gangrene in the abdominal ' 
wall. Of the four cases with clinical gas gangrene all made 
good recovery following vigorous therapy. Two patients had 
high thigh amputation; one had extensive debridement for 
a gangrenous lesion of the chest wall; and one with gangrene 
of the upper arm was successfully treated without amputation. 


Every patient who had a positive smear for gas-forming 
organisms received wide debridement of suspicious wounds, 
X-ray treatment of the area, and massive doses of penicillin. 


Secondary infection of surgical wounds was not a major 
problem but did develop in a limited number of cases. In one 
burn patient, following a septic iniarct in one of the leg 
vessels, amputation was required. In one patient amputation 
was required for dry gangrene resulting: from laceration in- 
volving a main branch of the femoral artery. In two others 
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with compound fractures amputation was performed follow- 
ing an overwhelming osteomyelitis process. One patient with 
diabetes had amputation following fracture of the left tibia 
and fibula with involvement of the knee joint. 

Medical problems encountered were chiefly pulmonary. 
Seven patients had pneumo-hemothorax following penetrating 
chest wounds. Twenty had evidence of atelectasis and/or 
hemorrhage which appeared to be due to blast injury of the 
lungs. Two patients had closed pneumothorax. In three there 
were large pulmonary infarcts; one of the latter developed 
approximately a month following injury and was rapidly 
fatal. In another patient, pulmonary embolism was followed 
by a bronchopleural fistula and massive effusion and infec- 
tion; following eventual lobectomy, however, he made good 
recovery. There were four instances of postoperative pneu- 
monia. A few urinary complications occurred, but there were 
apparently no ill effects following transient retention of urine 
in a number of cases. One burn patient developed a toxic 
hepatitis as evidenced by jaundice and impairment of liver 
function on standard tests. There were two patients with 
diabetes. One, as has been mentioned, required amputation 
following compound fracture; the other suffered only minor 
injuries. 

It was anticipated, in view of the large doses of tetanus 
anti-toxin and gas gangrene anti-toxin which were admin- 
istered to the majority of the patients, that a large number 
of serum reactions might be encountered. On the isolation 
wards either benadryl or pyribenzamine was administered 
routinely for several days. These drugs were used with good 
effect on those who developed allergic skin reactions. Only 
a few patients had frank serum sickness. These had complete 
relief from symptoms following administration of 1,000 cc. 
of a solution of 0.1 per cent procaine in physiological saline. 

It was noted on preliminary examination of patients that 
the majority who were not in severe shock showed an eleva- 
tion of blood pressure with the diastolic 95 or above. These 
cases have been studied and reported by Dr. Arthur Ruskin 
of the Department of Medicine.* There was one instance of 








*Ruskin, Arthur: Blast Hypertension. Am. J. of Medicine, 4:228, 1948. 
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paroxysmal tachycardia. One patient with multiple valvular 
murmurs was suspected of having congenital heart disease; 
on later examination all murmurs had disappeared and it was 
felt that signs had been due to toxic dilatation. 

Among hospitalized patients at John Sealy only two or 
three acute psychotic disturbances arose which were felt to 
be precipitated by the disaster. A number of patients returned 
to the Out-Patient Department complaining of “concussion” 
headaches and dizziness. They were evaluated by both the 
Neuro-psychiatric and Otolaryngology Departments, and the 
majority cleared spontaneously within a few months time. 
There were remarkably few patients who appeared with 
“compensat‘on” neuroses. Most patients who attributed 
psycho-neurotic complaints to the explosion were found to 
have been poorly adjusted individuals prior to the disaster. 


SUMMARY 


A survey of 3,000 victims of the Texas City disaster shows 
560 persons killed or missing as a result of primary blast 
effect, fire, drowning, and injury from collapsing buildings 
and flying debris. Among the 800 patients admitted for hos- 
pitalization certain common features were noted. Most prom-— 
inent were first, the multiplicity of lesions in the individual 
patient; second, the characteristic finding of numerous punc- 
tate lacerations, usually from imbedded glass particles and 
concentrated on the head and extremities; and third, the fre- 
quency of fractures of all types. Conspicuously absent were 
patients with massive avulsion wounds and with severe burns, 
who did not survive their initial injuries. The majority of 
cases were in a state of mild shock on admission, and many 
showed elevation of systolic and diastolic blood pressure. 
More than a third had perforation of one or both ear drums 
or presented symptoms other than deafness which were indica- 
tive of primary blast lesions. 

A total of three-fourths of the seriously injured persons 
were within 1,000 feet of the blast center; beyond a distance 
of 2,000 feet patients showed for the most part only minor 
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injuries from flying debris. Evidence of blast injury was un- 
common beyond a distance of 3,000 feet and occurred chiefly 
in persons who were within direct line of the explosion. 


APPENDIX 
Questionnaire 
1. Name: Address: 
2. Race: Age: Occupation: 
3. Where were you at the time of the first explosion, and what were 
you doing? 
4. Describe briefly what happened to you as a result of the explosion. 
5. What direction were you facing with relation to the blast? 


6. What protection did you have between you and the blast? (Wall, 
windows, building, etc.) 

7. Were you blown any distance by the blast? If so, in what direction? 

(Back, “forward, upward.) 

Did you hear the explosion? Did you feel a rush of wind? 

9. Were you unconscious following the explosion? If so, about how long? 
If not, were you dazed? 

10. Did you have any eye injury? If so, were you wearing glasses? 

11. Was either of your ear drums ruptured, or did you have any impair- 
ment of hearing after the explosion? 

12. Did you have any pain or feeling of tightness in the chest? Did you 
cough up any blood? 

13. Did you have any abdominal pain, nausea, or vomiting? 

14. Did you have any difficulty passing urine after the explosion? 

15. For women: Did you have any menstrual difficulties or any com- 
plication of existing pregnancy? Explain. 

16. Have you had any severe headaches, dizziness, or trouble keeping 


go 


your balance? 

17. Give nature and location of injuries. 

18. Where did you receive treatment for your injuries? 

19. If you were in the night explosion, give details. 

20. Give the names of persons with you in the blast area, especially of 
those who were killed or missing. 

















LYMPHOSARCOMA OF THE GASTRO-INTESTINAL 
TRACT* 


A. O. SINGLETON, JR. AND R. M. Moore 


During the year 1947 in two instances a tumor of the 
gastro-intestinal tract which we had removed surgically proved 
on microscopic study to be lymphosarcoma. Both patients are 
doing well seventeen months later, and, since this result is 
to some extent encouraging, we have taken occasion to learn 
what we can concerning the surgical approach to tumors of 
this type. 

The terminology of malignant lesions primarily involving 
the lymphatic system is confusing. These malignant lympho- 
mas may be divided into three groups: 1. Lymphosarcoma 
(lymphoblastoma, lymphocytoma, reticulocytoma); 2. Hodg- 
kin’s disease (malignant lymphogranuloma); and 3. Leu- 
kemia (aleukemic leukemia). Simple or benign lymphoma 
(lymphadenoma, hyperplastic lymphadenitis) must be dif- 
ferentiated from the malignant forms. All of these conditions 
seem to be closely related and one type may merge into another 
in various manifestations of these diseases. 


Incidence: While the number of lymphosarcomata in any 
hospital series is relatively small there have been many cases 
reported in the literature, the rarity of the condition probably 
encouraging the reporting of numerous isolated cases. Mc- 
Swain and Beal reported 20 cases of lymphosarcomata of the 
gastro-intestinal tract from 149,469 hospital admissions. Dur- 
ing the same period 1,031 cases of carcinoma were found in 
the same organs giving a ratio of 1 case of lymphosarcoma 
to 51 cases of carcinoma (1.9%). One to 2 per cent of gastric 
malignancies are sarcomata, and 45 to 60 per cent of these 
are lymphosarcomata. Hellwig reports 19 gastro-intestinal 
tract cases out of a total series of 130 malignant lymphomata. 





*From the Department of Surgery, The University of Texas Medical 
Branch, Galveston. Presented before the Texas Surgical Society, October 
4, 1948. 
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More than 563 cases of lymphosarcoma of the stomach have 
been reported. Charache in March, 1943, had compiled 404 
cases of intestinal tract involvement, while we have noted 
more than 131 cases described since then. In reviewing the 
literature one concludes that lymphosarcoma is found most 
commonly in the stomach or in the ileum, the number of 
cases in these two locations being about equal. The caecum 
is also 4 common site so that if one considers the ileocaecal 
region as a whole it is an even more frequent location than 
the stomach. The rectum and the jejunum follow in fre- 
quency, while involvement of the esophagus or of the duo- 
denum is rare. 

Lymphosarcoma is found at all ages but is more common in 
the third and fourth decades (Ritter, 1942). It is next most 
common in the first decade; however, the incidence in chil- 
dren is low. Cutler (1945) reported 5 of 14 cases of the 
intestinal form in children while during the same ten-year 
period there were 47 cases of leukemia and 14 cases of Hodg- 
kin’s- disease. Cutler quotes Cav: as finding only 1 child 
among 15 cases of lymphosarcoma « .countered over a twenty- 
year period. McSwain and Beal found 2 children in 20 cases. 
It has been advised that any neoplastic lesion in the intestinal 
tract of a child should be considered lymphosarcoma until 
proven otherwise since other types of malignancy are even 
more rare. While usually occurring in a younger age group 
than carcinoma, lymphosarcoma may also occur in the aged. 

Lymphosarcoma of the digestive tract appears to be much 
more common in males than in females. Berman (1947) 
quoting Madding and Walters has stated that “the incidence 
is 6:1 in the stomach.” Others have cited lower ratios. 


Pathology: Most lymphosarcomata supposedly arise in the 
submucosa of the gastro-intestinal tract with infiltration of 
the surrounding tissues. All layers are usually invaded except 
the serosa, while involvement of the regional lymph nodes 
occurs in most instances. Some cases are said to arise in the 
regional lymph nodes. McSwain and Beal reported 12 cases 
with positive nodes out of 20, and their series included 2 
cases with invasion of the serosa. In most reported series 
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nodal involvement has been even higher. In contrast to car- 
cinoma the tumor mass is usually firm but does not have the 
hard, sclerotic appearance of carcinoma with its stenosing, 
obstructing effect upon the bowel. Lymphosarcoma has the 
whitish-gray friable, rubbery, homogenous appearance of 
lymphoid tissue on cut section. Ulceration of the mucosa, 
though frequently found, is said to be a late feature in con- 
trast to carcinoma which originates in the mucosal epithelium. 
Lymphosarcoma may be intrinsic, extrinsic or infiltrating. 
The so-called “garden-hose” type is seen frequently with a 
prolonged thickening of bowel. Though some state that a 
“napkin-ring” type of tumor is rare, a number of annular 
lesions have been reported (Munson, 1946; Borden, 1943; 
Moreton, 1946). 

One finds many microscopic classifications of lymphosar- 
coma listed, but the simplest and most practicable seems to 
be a classification into lymphoblastoma, lymphocytoma, and 
reticulum-cell lymphosarcoma depending upon the type of 
cell of the lymphatic system which predominates. The small- 
cell lymphocytoma type of lesion appears to be much more 
common than the other two, especially in the bowel, although 
O’Donough reported lymphocytomata and _ reticulum-cell 
tumors to be equal in number. One is impressed, further- 
more, in various descriptions of the lesions, that all types may 
be represented in various microscopic fields of the same speci- 
men making differentiation difficult in many instances. More- 
over many Cases give microscopic pictures which are difficult 
to differentiate from other members of the malignant lym- 
phoma group, and some lesions diagnosed as benign are 
proved to be malignant by their subsequent clinical course. 
For example, some cases of supposed lymphosarcoma have 
terminated as acute leukemia (Cutler, 1945). Thus all of 
the lymphoma group may be manifestations of one underlying 
process. 

The possible relationship between regional enteritis or 
chronic ulcerative colitis and lymphosarcoma is of interest. 
As far back as 1929 Rankin noted the association of the two 
in the large intestine. Pathologically many of the lesions are 
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similar in the gross. Whether there is a significant connection 
remains to be shown. 

As to the etiology of lymphosarcoma, one may simply state 
that it is unknown, without reviewing the numerous theories, 
some relating it to tuberculosis, to injury, etc. 


Clinical picture and diagnosis: There appear to be no clear- 
cut symptoms or physical findings diagnostic of lympho- 
sarcoma in the gastro-intestinal tract, and since it is uncom- 
mon ft is not usually thought of, much less diagnosed, until 
surgical exploration or autopsy. In McSwain and Beal’s series 
of 20 cases the condition was diagnosed preoperatively only 
three times. According to Berman (1947) there was only 
one correct preoperative diagnosis in Balfour’s 54 cases. Car- 
cinoma is the diagnosis usually made. The condition may 
manifest itself in such a way as to be mistaken for acute 
appendicitis (Borden, 1943), regional enteritis, rectal poly- 
posis (Berman, 1945), ovarian cysts, etc. Many cases come 
to operation as cases of intestinal obstruction or intussuscep- 
tion without the primary pathological lesion being suspected. 


The onset of symptoms, covering a period of several weeks 
to many years, appears on the average to be more gradual 
than in carcinoma. Cardon quotes a case of lymphosarcoma 
of the stomach who had epigastric pain for 4 years. Cope 
had a case with ileal involvement who had had lower abdom- 
inal pain for 6 years before operation, and one of our own 
patients had had intermittent abdominal cramps for 5 years. 
The entire range of abdominal symptoms may pertain, vary- 
ing of course with the location of the lesion. Great weight 
loss and cachexia seem to be much less prominent in lympho- 
sarcoma than in carcinoma and the same is true of secondary 
anemia. This is consistent with the finding that ulceration 
occurs later than with carcinoma. A palpable tumor is often 
found in gastric cases. Other cases resemble peptic ulcer 
and may improve under ulcer therapy. Perforation is rare 
(Poer, 1948). Achlorhydria is usually present (Rafsky, 1944). 
Paul reports that the gastroscopic picture is not distinctive. 
The symptomatology of intestinal tract involvement is like- 
wise indefinite. Although classically it is not an obstructing 
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tumor many cases present themselves as chronic or acute 
intestinal obstruction. Intussusception is common in children, 
being present in 3 on’ of 5 of Cutler’s cases and in the 2 
cases of McSwain and Beal. Harper states that intussusception 
in adults suggests intestinal lymphosarcoma. 

A preoperative diagnosis is rarely made by X ray. Most 
radiologists hesitate to make a definite commitment on the 
roentgenographic evidence alone. Of course X ray may be 
of great value in locating the lesion. 


Treatment: For many years it was thought that local mani- 
festations of lymphosarcoma were merely a part of a systemic 
disease and that a local attack upon such a lesion was useless. 
As late as 1938 Cutler and Buschke in their book on malignant 
tumors stated that treatment of lymphosarcoma should be 
limited to radiation therapy and that surgery was contra- 
indicated. Now, ten years later, the opinion is often expressed 
that surgical removal is the treatment of choice for a discrete 
lesion. It may be followed by radiation therapy when the 
completeness of the surgical excision is in doubt. Hellwig was 
in agreement with most recent writers in stating that although 
radiation may occasionally save a life when surgery is im- 
possible, it will seldom prolong life expectancy. Early surgical 
removal of a primary focus of disease offers the best chance 
of cure. In his series of 130 cases of malignant lymphomata 
24.6% survived 5 years or longer regardless of postoperative 
radiation. In 21 cases with a single primary focus who had 
surgery alone, 57% survived from 5 to 20 years. Only 5% 
of 40 patients survived the five-year period following radia- 
tion alone. Where both surgery and radiation were used 45% 
survived. In 10% of autopsies a single lesion was found. In 
Ritter and Shaffer’s series of 11 cases the 1 survivor after 5 
years had had resection without irradiation. Many malignant 
lymphomata are very radiosensitive. Hellwig, however, classed 
50% of reticulocytomata and 40% of lymphoblastomata as 
radioresistant. Biopsy of lesions appearing inoperable is im- 
portant in that the lesion may prove to be a radiosensitive 
type (Cardon, 1945). 
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Prognosis: Hellwig and Foot believe that there is a close 
correlation between the microscopic type and the life expect- 
ancy, the lymphoblastoma and the reticulocytoma offering a 
poorer prognosis than the lymphocytoma. McSwain and Beal, 
however, believe that survival is influenced more by the site 
and extent of growth than by age or type of tumor. Spread 
to the regional lymph nodes denotes a poor prognosis. Ritter 
and Craver believe that the inherent quality of the disease 
rather than the histology determines the course. 

The overall prognosis in lymphosarcoma of the digestive 
tract is discouraging. In 103 cases of lymphosarcoma of the 
intestine Charache reported a 13.6% five-year survival while 
7% of the cases, lived from 7 to 11 years. The average dura- 
tion of life was only 16.7 months. In patients with lympho- 
sarcoma of the stomach the prognosis is likewise poor although 
the average survival (3 years) is longer than with gastric 
carcinoma. 

In over 300,000 admissions at the John Sealy Hospital, 
there were 6 cases of lymphosarcoma that had the primary 
lesion in the gastro-intestinal tract. This is too small a series 
for generalities or for comparison with other larger collections 
of cases. In the local series the stomach was primarily in- 
volved in 1 case, the jejunum in 1, the ileum in 1, the caecum 
in 2, and the rectum in 1. The ages varied from 13 to 64 
years. There were 5 males and 1 female. Duration of disease 
ranged from 3 weeks to 5 years. Obstruction was present in 
4 cases. Ulceration was present in 1 case. Bleeding occurred 
in 2 instances. Pain was present in 5 of the 6 cases and all 
6 showed some weight loss. None of the cases was diagnosed 
until microscopic study was made, carcinoma being the 
preoperative and operative diagnosis. Three of the cases were 
explored, the lesion being resected in 2. All cases succumbed 
rapidly to the disease with the exception of these two cases 
in which resection was performed. They are alive 17 months 
after operation. Histologically, three cases were classified as 
reticulum-cell and three as lymphocytic. The regional lymph 
nodes were involved in all cases except one. X-ray therapy 


‘was given in only one case, and in it apparently without 


benefit. 
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Lymphosarcoma was found in one case previously diagnosed 
as regional enteritis. The facts were insufficient to determine 
whether it represented two separate lesions, lymphosarcoma 
developing in regional enteritis, or lymphosarcoma which was 
mistaken at first for regional enteritis. 

Briefly, the two cases in which resection was performed 
were the following: 

Case No. 1: A 13-year old white boy who had had diarrhea, cramps 
and abdominal pain of 5 years duration. A mass was palpable in the 
right lower quadrant of the abdomen. The stools were positive for occult 
blood. A gastro-intestinal series showed delayed passage of barium in the 
terminal ileum with dilated loops indicating partial obstruction. On ex- 
ploration through a right rectus incision in the mid-abdomen a large tumor 
mass involving the lower ileum was found. This was resected and a side- 
to-side anastomosis performed. On pathological examination a diagnosis of 





Fic. I. (Case 1) 
(a) Schematic drawing of operative findings and lines of resection of 
lymphosarcoma involving the small bowel. 
‘(b) Resection of tumor with side-to-side anastomosis. 
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lymphosarcoma was made. Three months later he was again explored 
because of evidence of partial iritestinal obstruction. The anastomosis was 
patent but the mesentery in this region contained many enlarged lymph 
nodes. The area was resected, an end-to-end anastomosis being made. Ex- 
amination of the removed tissue, including lymph nodes, show no evidence 
of lymphosarcoma. He has gotten along fine since then. 





Fic. II. (Case 2) 


(a) Schematic drawing of lymphosarcoma of the stomach showing lines 
of resection, including a portion of the diaphragm. 

(b) Anastomosis of remainder of the stomach to esophagus above the 
diaphragm. 


Case No. 2: A 45-year old white man who had a sudden onset of weak- 
ness followed by the passage of several tarry stools. X-rays of the stomach 
strongly suggested an extensive malignant lesion of the cardia of the 
stomach. On exploration through a combined thoraco-abdominal incision, 
the upper two-thirds of the stomach, spleen and lower 3 inches of the 
esophagus, along with the adjacent part of the diaphragm into which the 
tumor had invaded, were resected. The remainder of the stomach was 
closed and lifted into the chest being anastomosed to the esophagus. Patho- 
logical examination showed a lymphosarcoma of the stomach and associ- 
ated lymph nodes. With the exception of an empyema on the operated 
side which had to be drained, his convalescence was uneventful. He is 
feeling fine and working as an electrician at the present time. 


The detailed case histories on four relatively recent cases 
follow: 


Case No. 1: E.D. 6006 D. A 13-year old white male was admitted to 
the John Sealy Hospital on May 30, 1947, with the chief complaint of 
diarrhea, cramps in the stomach, and vomiting. These symptoms had first 
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appeared five years previously. The boy had become weaker and weaker. 
There was never any gross blood or melena. About three weeks before 
admission his abdomen became swollen and he noticed pain in the left 
side on standing and sitting. This was relieved on lying down. He had 
lost about 20 pounds. 

On physical examination the patient appeared to be chronically ill. 
He was emaciated with a protuberant abdomen. Blood pressure was 90/50. 
Ascites appeared to be present. A mass was palpable in the right lower 
quadrant of the abdomen. There was some pitting edema of the scrotum 
and extremities. The edema and ascites cleared up on a high carbohydrate, 
high-protein, low-fat diet supplemented with vitamins. His admission 
blood count was red blood cells 2,510,000, hemoglobin 7.9 grams or 51%, 
white blood cells 9,100, polymorphonuclear segmenters 78%, stabs 4, 
lymphocytes 17 and basophil 1. The serum protein was 5.91 grams %, 
albumin 2.99 grams %, and globulin 2.92 grams %. Icterus index was 
5.5; N.P.N. 265 mg. %. Gastric contents were negative for acid fast 
organisms. The stools were positive for occult blood. Serology for lues 
was negative. Urinalysis was negative. X-ray examination showed a 
normal chest. A barium enema and intravenous pyelograms showed no 
abnormalities. A gastro-intestinal series showed delayed passage of barium 
in the terminal ileum with dilated loops indicating partial obstruction. 
After building up the hemoglobin with transfusions to 81%, the boy was 
explored through a right rectus incision in mid-abdomen. A large tumor 
mass in the right flank was delivered and found to involve the lower part 
of the ileum, the bowel being dilated proximally and collapsed distal to 
the lesion. The ileum was divided 4 inches above and 6 inches below the 
tumor and was removed with its mesentery. The mesentery was greatly 
thickened and edematous but no lymph nodes were seen. A side-to-side 
anastomosis of the severed ends of bowel was done. The appendix was 
long and inflamed, and was removed. 

On pathological examination the mucosa was found to be ulcerated. 
The ileum was infiltrated and replaced by masses of dark cells with small 
nuclei and scanty cytoplasm. A diagnosis of lymphosarcoma was made. 
The patient had an uneventful convalescenec and was discharged from 
the hospital on August 17, 1947. 

He was readmitted on November 5, 1947. He had gained weight but 
continued to have watery and soft stools. There was no fever. Physical 
examination was negative. Another gastro-intestinal series showed a dila- 
tation of the mid-ileum with partial obstruction. The feces were positive 
for occult blood. The blood count was: red blood cells 4,400,000, hemo- 
globin 13.7 grams or 89%, white blood cells 9,100, segmenters 48%, 
lymphocytes 44%, monocytes 5, eosinophils 2, basophil 1. He was ex- 
plored on December 4, 1947, through an old incision. The anastomosis 
site was patent but the mesentery in this region contained a mass of en- 
larged lymph nodes, the largest being the size of a golf ball. Other nodes 
were palpable along the aorta. The largest node was removed for biopsy 
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purposes and the previous anastomosis resected and an end-to-end anasto- 
mosis being done. The impression at operation was a recurrent lympho- 
sarcoma of the mesenteric lymph nodes. On pathological examination only 
a chronic granuloma with foreign body type reaction, together with chronic 
inflammation of the intestinal wall was found. There was only sinus 
catarrh of the lymph nodes present. He had an uneventful convalescence, 
and was discharged on December 18, 1947. He was last seen on February 
18, 1948, at which time he had no gastro-intestinal complaints and was 
gaining weight. X-ray therapy was not given. 


Case No. 2: W.B. 289351. A 45-year old white male was admitted to 
the John Sealy Hospital on June 2, 1947, with the chief complaint of 
weakness. On May 21, 1947, he had a sudden onset of weakness that was 
so severe that he could not continue with his work. Following this he 
passed several tarry stools. He had no nausea, vomiting, or abdominal 
pain. He was X-rayed by his local doctor and told that he had stomach 
ulcers. X-rays taken here of the stomach showed the fundus pushed away 
from the diaphragm above the esophagus with a ragged appearance, very 
strongly suggesting extensive malignant involvement of the cardiac end 
of the stomach and the posterior wall in the fundus area. His blood count 
was: red blood cells 3,200,000, hemoglobin 64%, white blood cells 5,000, 
polymorphonuclears 74%, stabs 5% and lymphocytes 21%. The urinalysis 
showed no abnormal findings. The blood Kahn and Kolmer tests were nega- 
tive. Physical examination showed a blood pressure of 114/70. The body 
temperature was 99°F. The patient appeared to be in good physical con- 
dition. He had no adenopathy. No masses were palpated in the abdomen 
and the liver did not appear to be enlarged. 

On June 5, 1947, the abdomen was explored through a transverse epigas- 
tric incision. A tumor mass involving the fundus of the stomach and ex- 
tending into the diaphragm was found. No lymphadenopathy was noted. 
The incision was extended across the left costal arch along the seventh 
interspace opening into the left pleural cavity. The upper 2/3 of the 
stomach, spleen and lower 3 inches of esophagus along with the involved 
diaphragm was resected taking a liberal margin of uninvolved tissue. 
The remainder of the stomach was closed and lifted into the chest, being 
anastomosed to the esophagus with two layers of #000 chromic catgut 
sutures, suturing the muscular and mucosa layers. The stomach was then 
sutured to the posterior pleura. The phrenic nerve had been interrupted 
at the start of the procedure. The diaphragm, chest and abdomen were 
then closed. No drains were left in. Pathological diagnosis of the tissue 
submitted was a lymphosarcoma invading the stomach, diaphragm, and 
associated lymph nodes. On cut section the tumor mass revealed a homog- 
enous grayish-white surface. The microscopic sections showed many 
round and oval-shaped cells which stained from light blue to deep violet 
with large nuclei invading the tissues. 

Following operation the patient developed an empyema in the left 
pleural space which was drained by means of the Singleton trocar on 
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July 12, 1947. He was discharged from the hospital on August 17, 1947. 
At the present time he is eating well but does not appear to gain weight. 
He has no difficulty with swallowing and the chest is clear. 

X-ray therapy was not given postoperatively because of the complica- 
tion of his empyema. By the time he had recovered from this, such a long 
time had elapsed and he was doing so well that it was decided to with- 
hold this form of therapy until evidence of recurrence had made its 
appearance. 

Case No. 3: G.M., 59827, white, male, age 64, entered the John Sealy 
Hospital on August 19, 1938, with complaint of anorexia, weakness, ab- 
dominal swelling, and discomfort of 3 weeks standing. He had lost 3 


pounds in the past few weeks. There had been no vomiting, but there 


was a slight increase in degree of a chronic constipation. He had no 
jaundice. There had been a slight shortness of breath recently. 

Physical examination revealed a cachectic white male with a markedly 
distended abdomen. The blood pressure was 132/92. There was a slight 
respiratory difficulty. The diaphragm was elevated, a fluid wave and 
shifting dullness was noted over the abdomen. The liver and spleen did 
not appear to be enlarged. No abnormalities were detected in the cardiac 
or respiratory systems. There was no peripheral edema. By paracentesis 
3000 cc. of clear ascitic fluid were removed in which no tumor cells could 
be found. Following this procedure, a hard nodular mass could be palpated 
in the right lower quadrant. The patient had a negative serology for lues. 
The blood picture was as follows: white blood cells 19,240, 53% poly- 
morphonuclears, 42% lymphocytes, 17% myeloblasts, 6% myelocytes, 1 
stab form and 1 eosinophil. The serum albumin was 4.90 grams %, serum 
globulin 2.44 grams %, total blood protein, 7.34 grams %, A/G ratio 
2.19, cholesterol 191 mg. %, glucose 75 mg. %, N.P.N. 90.6 mg. % and 
blood urea 462 mg. %. He went rapidly downhill during his hospital 
stay, dying on August 24, 1938, with signs of bronchopneumonia. At 
autopsy a diagnosis of carcinoma of the caecum with metastasis to the 
peritoneum, ileum, stomach, and retroperitoneal region was made. The 
mucus membrane of the caecum was intact. There was a dense fibrous 
mass surrounding the caecum, particularly in the angle between the 
caecum and ileum. On cut section the growth had a whitish appearance. 
Microscopic sections of the involved tissue showed infiltration with nu- 
merous small round dark-staining cells with many mitotic figures present. 
A final diagnosis of lymphosarcoma of the caecum with metastasis to the 
peritoneum, ileum, stomach, retroperitoneal nodes, lungs, appendix, and 
spleen was made. 


Case No. 4: A 48-year old white male was admitted to the John Sealy 
Hospital in August, 1946, with the complaint of abdominal pain starting 
in January, 1946. Elsewhere he had had a diagnosis of duodenal ulcer 
with obstruction. X-rays were made here at that time and were thought 
to represent a regional enteritis of the duodenum. The proximal portion 
was dilated. At the beginning of the third portion of the duodenum the 
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bowel was narrowed and constricted to the region of the duodenojejunal 
flexure. On August 20, 1946, the patient was explored through a modified 
Sloan incision. About four inches of the terminal duodenum was thick- 
ened, edematous and hard. The appearance was typical of the regional 
enteritis as usually seen in the ileum. There was moderate glandular 
enlargement. A posterior gastro-enterostomy was done. He seemed to get 
along well following his operation on a limited ulcer type of diet. In the 
spring of 1947 he got off his diet and again began having burning epi- 
gastric pain with loss of appetite and weight. He returned in June, 1947, 
and at that time further X-rays were taken. The appearance of the 
duodenum was unchanged and there was no evidence of jejunal ulcer or 
obstruction. Gastric analysis showed no free acid and a low total acid. 
Urinalysis, serology, and blood counts were normal. While on a careful 
ulcer diet and rest in the hospital the patient again became comfortable 
and began to gain weight. He was discharged from the John Sealy Hos- 
pital and a few weeks later entered the Veterans Administration Hospital 
at Temple, Texas, on July 8, 1947. His pain had returned and he began 
to vomit. He was tender in the righteupper quadrant and there was some 
question of fluid in the abdomen. Blood counts were normal. A chest 
film was negative. An upper gastro-intestinal series at that time showed 
a poorly functioning gastro-jejunostomy with scarring of the duodenal 
bulb. There was suggestive evidence of a marginal ulcer. On July 25, 
1947, he was explored and a portion of the jejunum was resected as it 
appeared to be involved in a tumor. Biopsy from the tumor and regional 
lymph nodes revealed lymphosarcoma of the reticulum-cell type. Follow- 
ing operation he was given X-ray therapy but went progressively downhill 
and died on September 12, 1947. 


SUMMARY 


It is not rare for lymphosarcoma to occur in the gastro- 
intestinal tract where it is most apt to be encountered in the 
ileo-caecal region or in the stomach. Though it may occur in 
individuals of any age and of either sex it is more frequent 
in younger males. It is the commonest form of intestinal neo- 
plasm in children where it may come to notice through intus- 
susception. 

Gastro-intestinal lymphosarcoma usually arises in the sub- 
mucosa. In a high percentage of cases it spreads to the re- 
gional nodes. There are many exceptions to the classical 
teaching that it is non-ulcerating and non-obstructing. How- 
ever, these complications are prone to occur later than with 
carcinoma, and lymphosarcoma is apt to exhibit a more gradual 
and longer course. 
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Lymphosarcoma is rarely diagnosed except by microscope. 
Clinically, it is most often confused with carcinoma. This is 
not a particularly regrettable error since in either instance 
the treatment of choice is surgical removal. Lymphosarcoma 
is likely to be more radiosensitive than gastro-intestinal car- 
cinoma. Therefore, when excision of lymphosarcoma has been 
incomplete X-ray therapy is indicated and the individual may 
get along fairly well for several years. 

Although the lymphocytoma form of lymphosarcoma is the 
most common and is thought by some to give a more favor- 
able prognosis, the classification according to cell type may 
prove quite difficult. The predominant cell may differ in 
various parts of the same tumor. In other instances it may 
be difficult to differentiate the tumor from the other members 
of the malignant lymphoma group; likewise, the subsequent 
course often suggests a close relationship between these various 
malignancies. 
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A MODIFIED BULB PIPETTE FOR TRANSFERRING 
LIQUID UNDER ASEPTIC CONDITIONS 


A. PACKCHANIAN* 


In bacteriological and serological studies it is often neces- 
sary to transfer serum or liquid medium from one container 
to another; and for such manipulations the regular 10, 20, 
50 or 100 cc. graduated or transfer pipettes are less satisfactory 
than the Pasteur bulb pipette. 

Laboratories equipped with good blast burners and oxygen 
tanks can readily prepare these bulb pipettes from soft glass 
or Pyrex tubing; however, when this equipment is not avail- 
able, or when there is no trained personnel for such work, 
commercially obtainable bulb pipettes would become desirable. 
In order to fulfill this need, the writer has devised a modified 
bulb pipette which can be manufactured by any glass blowing 
firm, and which has a long life because of its two-part con- 
struction. 


Construction of the Bulb Pipette 


A. The bulb portion.—This part is made from a straight 
piece of Pyrex or soft glass tubing, approximately 210 to 
240 mm. in length, and having an outside diameter of 10. to 
12 mm. with an inside diameter of 8 to 10 mm. 

In the center of this tubing a bulb is blown of any desired 
capacity (as about 10, 20, 50, 100, or 200 cc.), and of a 
sufficient and uniform thickness. A small constriction is made 
about 25 mm. above the bulb or 50 mm. from the top of the 
tubing. About 25 mm. below the bulb a right angle is turned, 
and 50 mm. of tubing extends beyond this curve (see Fig. 1, 


Part A). 


B. The tip or delivery portion.—This part is made from 
soft glass or Pyrex tubing of the same diameter and thickness 
as Part A. One of the ends is 20 mm. long and 10 mm. in 
diameter. The rest is drawn out to a narrow tubing about 





*From the Department of Bacteriology and Laboratory of Microbiology, 
The University of Texas Medical Branch, Galveston. Received for publica- 
tion October 16, 1948. 
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200 mm. long, with the inside diameter 2 to 4 mm., depending 
on the liquid to be transferred. Part B is actually a simple 
Pasteur pipette, and could be prepared in most laboratories 
(see Fig. 1, Part B). 


i ety 


Dart A-and Part B. connect 10:20-50-100-or 200 
‘with rubber tubing. - 




















Part B. 
Figurel.- Modified Bulb Pipette 


Assembly and Use of the Bulb Pipette 


After thorough cleaning and drying, Parts A and B are 
connected with thick-walled amber rubber tubing. The wide 
end of Part B should touch the lower end of Part A, and the 
connection must be water-tight. 

The thin tip of Part B is sealed with flame, and the vertical 
end of Part A is plugged with a wad of non-absorbent cotton. 
Then the entire assembly is autoclaved about 30 minutes at a 
15-lb. pressure. ' 

When the bulb pipette is ready for use, the narrow portion 
of Part B is sterilized by passage through a flame; its extreme 
end, about an inch from the tip, is scratched with a file and 
removed. 

The liquid is collected in the bulb by mouth suction, and is 
then transferred to other sterile containers. 
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If dispensing by droplets is desired, the nozzle of Part B 
may be applied to a flame, and allowed to bend downward 
about 10 mm. from the end. This is done after the bulb has 
been filled. The contents can now be delivered by tilting or 
by finger control, rather than by mouth control. 

After each use Parts A and B are disconnected by cutting 
the rubber tubing with a sharp scalpel. Cutting rather than 
removing is recommended in order to avoid the danger of 
breaking the glass. Then the two parts are cleaned, reas- 
sembled, and sterilized, as described above. 

Since Part B is sealed by heat, and broken and resealed 
with each new use, it is gradually shortened until it must 
finally be discarded. Then it is replaced by a new Part B. 

The bulb pipette is excellent for removing supernatant 
fluid from sediments. If experiments are interrupted, or if 
they require periodical delivery of sterile liquids, the contents 
of the pipette can be saved from contamination by sealing 
the end of the tube, then filing and removing the closed tip 
when the liquid is to be dispensed. 


SUMMARY 


The construction and the use of a modified bulb pipette of 
various capacities and diameters have been described and 
illustrated. The pipette is useful in bacteriological and sero- 
logical studies when the sterile transfer of liquids from one 
container to others is required. 
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PLACENTAS FROM MULTIPLE BIRTHS* 
J. G. SrncLarIr 


We recently published a study of 1,600 placements from 
single live births. We calculated the ratios of placental and 
birth weights and discussed them in the light of placental 
structure. We now extend the study to multiple births. 

The weight of the placenta increases with the weight of 
the fetus during gestation but the increase is not parallel. 
Considering only the placental tissue concerned with transuda- 
tion the ratios are not easily calculated. At first the entire 
chorion is coated with villi, a large proportion of which atrophy. 
Amnion, cord and decidua are heavy at first relative to the 
active tissue. By the fourth month the active placental tissue 
equals the embryo in weight. Thereafter, the fetus increases 
in bulk 30-35 times but the placenta only 45 times. The 
capacity of the placenta to meet fetal demands depends upon 
an increase in efficiency through change of structure. Ullti- 
mately its deficiencies must result either in birth or death. 
The amount of embryo supported by a given volume of 
placenta is low in man compared with many mammals. The 
relation of the onset of parturition to normal cyclic ovarian 
processes was recognized by Beard in 1897. 

Placentas in our studies are trimmed to essential iransuda- 
tive portions and weighed. At birth there is a considerable 
range of weight of both placenta and infant. When the ratio 
of placenta over fetus is plotted according to birth-weight 
classes it is found to decrease from high ratios for small babies 
to a minimum average ratio of .127 for the large normal 
infant. (Fig. 1 A.) Overweight infants similarly have high 
ratios. When plotted according to placental weight classes 
the ratios reach their low values among small placentas. If 
the premature group (accepting 2,500 gm. as the limit) is re- 
moved, the graph is a straight line from .064 to .227 rising 
with placental weight. (Fig. 2 AB.) These two graphs are 
apparently contradictory. The apparent paradox is resolved 





*From the Embryology Laboratory of The University of Texas Medical 
Branch, Galveston. Received for publication October 21, 1948, 
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by the fact that the graphs do not lie in the same axis. The 
relations are not linear and both are true statements. This was 
illustrated in a stereogram by Sinclair. 
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The explanation of the rather wide variation in these 
ratios for any class apparently lies in the fact that the micro- 
scopic structure of the placenta corresponds with the ratio it 
holds to the fetus. The higher ratio at any weight indicates 
a less mature structure and this is expressed in larger villi, 
more epithelial cover, small blood vessels and more cellular 
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stroma. High ratio placentas pass less per unit surface area 
but are more selective. It takes a large placental volume to 
equal the rate of interchange of the smaller mature placenta. 

It has long been recognized that multiple human births are 
generally premature and the infants small. The general prin- 
ciple that for a given species the length of gestation is influ- 
enced by the “volume of the contents of the uterus was 
established by Wishart and Hammond and by Reynolds and 
Foster. It is also conditioned upon fetal activity and upon 
the cyclic pituitary sensitization of the uterus expressed prob- 
ably through tonic contraction of placental and uterine 
vessels. This may depend upon intermediate action of the 
ovary. Experiments reported by Kirsch and Snyder in 1938 
would, under reported conditions, seem to rule out the fetus, 
the placenta, the ovary and the pituitary in turn, leaving 
the uterus automatic except for external control through 
progesterone. Postmature infants are heavy, their placentas 
are immature and the ratios are high. 

The present study includes 51 pairs of twins, two sets of 
triplets, and one set of quadruplets born in Galveston. This 
includes 27 pairs of like-sexed twins and 24 pairs of opposite 
sex. The male pairs number 13 and the female pairs 14. 
In the like-sexed group the females averaged 2,351 gm. and 
the males 2,425 gm. with a difference of 74 gm. Of the 24 
pairs of opposite sex the male weighs 2,74-+ gm. and the female 
2,308 gm., or a difference of 436 gm. Mitchell gives the 
weights of normal single first-born males as 3,357 gm. and 
females 3,220 gm., or 137 gm. difference. In later births this 
difference is cut to 92 gm. Our difference, therefore, in opposite- 
sexed pairs is 2.5 times the normal for like-sexed twins or 
for singles. Our twins, leaving out as non-viable those below 
1,000 gm., are about 850 gm. under average single birth 
weights or about one month premature. Certain pairs are 
two or even three months premature. 

Tables I and II show the essential data for distribution of 
weights and ratios for each sex. Note that the male consistently 
weighs more, its placenta weighs more, and its placental birth- 
weight ratio is a little higher. This is in keeping with data on 
single births. 
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TABLE I 
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Twin placental-birth weight ratios distributed by birth weight classes 




















































































































Weight Fem. | Male 
class No. | Wet. | Plac. | Ratio | No. | Wet. | Plac. | Ratio 
0-499 2 | 270 | 97 | 350 | l 
500 | 1 | 700 |266 |.i78 | 1 | 900 | 133 | 1 
1000 5 1227 202 171 | | 
1500 | 9 | i741 | 282 | .150 | 4 |1814 | 283 | .154 
2000 18 2314 353 151 18 | 2365 418 | .180 
2500 12 2690 366 135 17 | 2723 383 | .141 
3000 8 3202 475 151 10 | 3140 398 ! .130 
3500 | 1 [3579 | 480 | 134 
55 | 2236 | 337 | .144 | 51 | 2355 | 387 i 154 
Tasce II 
Twin placental-birth weight ratios distributed by placental weight classes 
Placental | 
weight 
class Mean No. Birth Weight | Mean ratio 
50 | 97 | 2 | 270 | .350 
100 | 133 2 800 =a 178 
150 | 178 2 1102 ma 3 .160 
200 | 219 9 1426 | ar 129 © 
250 #«=~| 279 10 0354 =| ~~12i 
300 | 319 22 | 2452 L33 .136 
350 | 375 17 | 2516 = 151 
400 | 414 24 | 2613 a 166 
450 | 474 10 | 3002 Zz 158 
500 | 525 4 | 2729 | _: ~ 193 
550 | 584 3 | 2420 wes ee 202 
600 ‘fd _ 610 = 3 ia. eo ae... a a. 178 
: Gi om 352, a 106 a 9373 ey a ae 





In order to compare multiple with single birth-weight data 
the graph of ratios is compared for birth-weight classes in 
Figure 1 B, and for placental birth-weight classes in Figure 2 C. 
In the first figure multiple birth ratios are a little lower and 
in the second a little higher than for single births. 
in keeping with our study of prematurity. 
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Placental structure involves not only weight and details 
of villi corresponding to maturity but in twin placentas it 
involves the determination of uniovular and diovular twins. 
In this twin series there are six pairs of uniovular twins based 
on the criteria advanced previously that there is a single 
chorion and common circulation though the amnions may 
be separate. I have seen no evidence that uniovular twins 
can arise from any other type of placenta nor (in human 
embryos) that diovular twins can have either a common 
chorion or circulation. Freemartins do not occur. In all di- 
ovular placentas the separation is maintained by decidua 
which may be easily split by manipulation even though in 
a few cases the surface of contact is extensive. The line is 
generally smooth and simple. When separated the two parts 
correspond in weight and in ratio with the corresponding 
infants. 

One pair is of special interest. In this case the male weighed 
2,494 gm. and the female 1,403 gm. There is a full month’s 
difference in growth weight. The placentas were quite sep- 
arate with nearly equal superficial areas, the male placenta 
at 537 gm. having a ratio of .215 and the female at 203 gm. 
having a ratio of .145. This is a considerable puzzle because 
the small size of the female suggests superfetation but the 
small ratio of its placenta belies this conclusion. Both babies 
did well after birth. 

Another pair of twins was not included because one placenta 
was missing. One of this pair was aborted at four months 
development. During the following week vague abdominal 
pains seemed to indicate appendicitis. Upon opening the 
abdomen the scalpel cut directly into the placenta through 
which a second four-months fetus was ejected. Bleeding was 
controlled and the wall closed to allow resorption. 

In two cases of diovular twins one of the two was stillborn 
without affecting the other even with a fused placenta. There 
is genetic independence and the death was apparently not due 
to maternal illness and was based on some constitutional cause. 

In one case of uniovular twins an interesting inversion of 
symmetry has been observed during several years. There is 
mirror imaging of handedness, hair whorls, teething history, 
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and testicular descent. Both were jaundiced at birth and re- 
quired transfusions, both learned to speak a little late but 
at the same rate and are now voluble. Their mother cannot 
tell them apart and measurements are exceedingly similar. 
Both have the mother’s blood type. These two differed by 
284 gm. at birth (2,225-1,941). They had a common chorion 
but the circulation was only connected by small vessels. The 
drainage areas were carefully measured and corresponded to 
differences in weight. An interesting correlated case occurred 
when a freshman medical student discovered in his fluoro- 
graphic studies that he had situs inversus visceram. Inquiry 
disclosed that he was one of identical twins but his brother 
died as an infant. 

One set of male triplets (1,758, 1,956, and 2,012 gm.) had 
a 698 gm. placenta composed of a single placenta fused closely 
to a single chorion placenta having two cords. They were 
not separated for weighing. The average ratio .122 indicates 
relative maturity despite the small size. There was no par- 
ticular difficulty in raising them and their later growth does 
not lag behind normal. Size and maturity may be quite inde- 
pendent. 

Another set of triplets consists of two females (1,272, 
1,661 gm.) and one male (1,542 gm.) with separate placentas 
extensively fused by decidua. This is the only case in which 
a male born with a female was not larger. The placental 
ratio in this case was very high, .450, and the smallest did 
not live. The others required special care. 

The Badgett quadruplets, born two months prematurely, 
‘have been described earlier. The placentas consisted of one 
separate and one fused to a single chorionic placenta with 
two cords. My interpretation is that we have here one uni- 
ovular and one diovular pair. It is true that the three children 
from the large placenta are closely similar though some dif- 
ference in one of the three was noted in infancy. It is ad- 
mitted that the largest of the four, from the separate placenta, 
was quite different from the other three but with the passage 
of time looks more and more like her sisters. Somatic simi- 
larity is certainly not proof of uniovular origin in the face 
of placental evidence. Frequently the successive children of 
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one family are exceedingly alike at any one age. The reason 
for stressing this contention is that when once a decision of 
monozygotic origin has been accepted for a pair there is so 
much emphasis placed on the environmental causes of the 
differences that appear later even though the causes may 
actually be genetic. Why should one expect somatic identity 
even when genetic identity is given since the division of the 
cell masses constituting the individuals take place after there 
are a hundred or more cells present? The formation of two 
central cell masses in the blastula, since it is a growth phe- 
nomenon, may be influenced by genes from either parent 
while the release of two ova is maternal only. Uniovular 
twins may differ considerably in weight at birth. The parental 
strains in this family contain examples of both types of twin- 
ning and a set of triplets. 

Recognizing the importance of placental criteria for twin 
types, Josefson, in 1941, proposed that in Sweden all hospitals 
be requested to record placental structure in multiple births. 
I have not seen the results in print but suggest that the same 
records should be kept in our own hospitals. Unfortunately, 
many hospitals keep only a temporary record of birth-weight 
or placental data. 


SUMMARY 


The causes of birth include: (1) periodic uterine sensitiza- 
tion; (2) fetal activity; (3) volume of uterine contents. The 
latter is important in multiple births and often precipitates 
premature birth. This developmental prematurity, commonly 
corresponding with gestational history, is evident in small 
birth weights and small placentas with placental-birth weight 
ratios above full term single ratios. The structure of the pla- 
centa yields important data concerning the types of twinning. 
Monozygotic twins are monochorionic; dizygotic twins are 
dichorionic even when placentas are closely fused. The 
microscopic picture also correlates well with the ratios, giv- 
ing them a physiological basis. There is no explanation offered 
for the great sex difference in weights in opposite-sexed twins. 
The differences between like-sexed twins are much smaller. 
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ANTAGONISTIC INFLUENCE OF CARBOHYDRATES 
UPON BACTERIAL INHIBITION BY SULFONA- 
“ _ MIDES IN VITRO 


MicHELE GERUNDO* 


During preliminary experiments on bacteriostatic action of 
sulfonamides, it was observed that the addition of sugars to 
the medium resulted in a better growth in presence of sulfa- 
suxidine than was the case if the sugar was left out. The 
observation was so constant and striking, that it was deemed 
necessary to investigate the problem. 


Experimental and Results 


Tables I, II, and III illustrate clearly the antagonistic action 
of carbohydrates upon inhibition by sulfonamide. In concen- 
tration of 1:5000 to 1:2500 sulfasuxidine may exercise a cer- 
tain inhibition upon bacterial growth, if no sugars are added 
to the medium, or if the sugar added to it is not one usually 
fermented by the bacterial strain. To cite some examples from 
the table, Shigella sonnei, which ferments lactose, showed more 
abundant growth on tubes containing sulfasuxidine and lactose 
than in the tubes containing only sulfasuxidine: Alkaligenes 
fecalis 1, which did not ferment any sugar, was inhibited in 
tubes containing sulfasuxidine and lactose. Shigella dysenteriae 
(Table III) showed very slight turbidity in tubes containing 
sulfasuxidine but no sugar, and subsequent subcultures proved 
the growth to consist of non-viable bacteria—whereas it showed 
better growth in tubes containing 0.25% glucose in addition 
to sulfasuxidine. 

In order to determine whether this action was limited to 
sulfasuxidine alone, sulfathiazole in the concentration of 1:2000 
was used in the next experiment, presented in Table IV. A 
less rich medium containing only 0.5% tryptose, was used in 
this experiment. As it was thought that perhaps antagonism 
to sulfonamide was produced only by an excess of glucose in 
the medium two concentrations were used in the experiment, 
one of 0.5%, and the other of 0.1%, this last concentration 
being the same as that of body fluids. The carbohydrate action 


*From the Department of Bacteriology, University of California, Los 
Angeles. Present address: Department of Laboratories, Lubbock Memorial 
Hospital, Lubbock, Texas. Received for publication November 16, 1948. 
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Tasce II 


Medium: Tryptose Phosphate broth pH 7.3 
Bromthymolblue indicator 


Sulfasuxidine 1:5000 (saturated solution) 


Glucose 0.25% 
Lactose 0.25% 









































































































































WITH WITHOUT 
SULFASUXIDINE SULFASUXIDINE 

Bacteria No sug.| Gluc.| Lact. || Nosug.| Gluc. Lac. 
A100 Salmonella sp............. a: $id 1 +o 
Shigella alkalescens ............ | ++1 +++ grergerr= 
Escherichia Coli communior 10...| 4-+]! ++-+ | ttt] 4+4+4+ 
Ebertella Typhosa .............. }+++] +++ ae ee a ae ee 
Shigella paradysenteriae ........ } ++] ++ | +++} +++ 
Salmonella schottmulleri ....... l+++] +++ (+++ }+++ 
Escherichia Coli communior 15..| ++] ++ mk +++ )/+++ 
Alkaligenes fecalis 110.......... | + | +) fe HHH] ttt 
Eberthella typhosa R.........../+++] +++ | 4+ P4454 
Alkaligenes Fecalis ............ bey 3a Prey ere 
Shigella dysenteriae ........... | +? | ++ +] +44 
Salmonella typhi .............. | ++] +++ | +t | +++ 
Pneumococcus sp. .............. ce +4] | ++] ttt 
0 FE eee aa I+++] +++ EFS Srrss 
Escherichia coli communis from if 7 e4 = 

sulfasuxidine medium plate... +] +++ ++ | +++ ]+++ +4 
Escherichia Coli communis from _ | | | 

sulfasuxidine plate .......... | +] +44] +44] +4+4+ [444+ |4+4++ 
Escherichia Coli communis from | wa | 

sulfasuxidine plate .......... aa ++ ++ | +44 ++ 
Escherichia Coli Communior | | 

from sulfasuxidine ........... 2} | ++] + + 
Alkaligenes fecalis from | | I 

DE Stetesssrcasess) Ff . FE PF + | +++ 4 
Pneumococcus from sulfasuxidine. | + | a ° 2 ++ 
Shigella dysenteriae from ae | th | 

“SERS i oe 3 _| +/+++ 
Alkaligenes fecalis 110 c | | | 

from sulfasuxidine .......... eI ee | ? 
Salmonella abortus ovis ........ | ++ | +++ | ++] +++ 














?—Indicates faint turbidity of tubes, without growth on subculture. 
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was the same in presence of sulfathiazole as it had been in 
presence of sulfasuxidine. Brucella suis, which is known to 
utilize only a small amount of glucose, showed growth in 
tubes containing 0.5% glucose, but no growth in presence of 
other sugars. Escherichia coli (var. communior), which fer- 
ments sucrose showed better growth in tubes containing su- 
crose than in tubes without sugar, whereas Escherichia coli 
(communis 10) which does not ferment sucrose, showed in 
the sucrose tube the same amount of growth as in the tube 
containing sulfathiazole only without carbohydrate. 

It seems rather clear that bacterial enzymatic action (and 
it will be re-emphasized later) upon large molecules is not 
inhibited by sulfonamide and that the splitting of glucose and 
other carbohydrates furnished the bacteria with the available 
energy to begin growth. 

Having established that glucose and other carbohydrates may 
exercise an antagonistic action upon sulfonamide inhibition 
the role of phosphate came under study. Table IV shows 


TaBLe IV 


Medium: Tryptose Phosphate Broth pH 7.3. 


Same medium without phosphate. 
Glucose present in all the tubes 0.25%. 
Sulfasuxidine 1:500 (saturated solution). 

























































































| With Sulfasuxidine | Without Sulfasuxidine 
Bacteria No Ph Ph No Ph Ph 

Eberthella typhosa S ......... +1 ++ ++1 +++. 
Escherichia Coli ............. + | +++ +4 +++. 
Escherichia Coli communior .. — |) tt +4 + od 
Pneumococcus sp. ............ + | + | 4 + +4 
Alkaligenes fecalis I ......... +) | + | +++ ++ 
Ae 100 Salmonella sp. ........ ++ | +++ +++ 
Shigella dysenteriae .......... | ++ | 4 es 
Eberthella typhosa R ......... +) | +++ hohe piel 
Pseudomonas aeruginosa (1).. A + dod ++ 
Pseudomonas aeruginosa (2) ...| + | -} ++ ++ 
Brucella Melitensis ...... ae | — + + 
Brucella Suis ...............+ | + + 
Brucella Abortus ..... Mir ~ 4 + + 
Proteus vulgaris ........ SS, G | ++ 








1Tendency of the growth to sediment and leave supernatant fluid clear. The 


tubes with phosphate show uniform cloudiness, 
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that growth in tubes containing sulfasuxidine and glucose was 
much less abundant if phosphate was left out of the medium, 
indicating probable failure of the bacteria to utilize glucose 
to the full extent in absence of phosphate. That such was the 
case is seen also from tubes which did not contain sulfasuxi- 
dine. When glucose was replaced with mannitol, phosphate 
behaved in the same way as with glucose. 

The role of Vitamin B, was next studied in connection with 
carbohydrate metabolism. Table V shows the results of such 
experiment. Vitamin B, definitely stimulated bacterial growth 
in presence of sulfasuxidine. That its action was not entirely 
upon bacterial growth per se seems clear from the fact that in 
control tubes not containing sulfasuxidine growth was equal 
in both the tubes containing Vitamin B, and those without it. 
A point which still seems not clear is that growth in tubes 
containing sulfasuxidine and Vitamin B, was more abundant 
than in tubes containing only Vitamin B,. Whether sulfasuxi- 
dine contains an essential radical, which enhanced the co- 
carboxylase function of Vitamin B, is a point which is not 
easy to explain at the present time, without further investi- 
gation. 


Discussion 


It seems well established from our own experiments (ef. 
tables) that sulfonamides do not inhibit the splitting of com- 
pounds with large molecules, in other words, that they are 
without effects upon hydrolytic enzymes. Ercoli and Ravaz- 
zoni (1942), however, reported inhibition of yeast sucrose 
and Aspergillus amylase, but not of Aspergillus phosphatase. 

In many instances we found that bacteria cultivated in pres- 
ence of non-bacteriostatic concentrations of sulfonamides 
showed larger amount of gas than the controls. Werkmann 
(1939) states that injury to the cells may bring about a less 
cyanide-insensitive respiration than in intact cells. Similarly 


.it is possible that a sulfonamide compound, by slightly injur- 


ing the bacteria, enhances their metabolism. Lamanna (1942) 
found that sulfonamides stimulate growth in low concentra- 
tion and Lamanna and Shapire (1943) observed that mer- 
curic chloride may counteract sulfonamide action. 
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Glucose is the carbohydrate mostly fermented; bacteria 
which are unable to ferment glucose, are unable to ferment 
any other sugar. With exception of very few bacteria, among 
the non-fermenters a good many are at least capable of 
utilizing glucose as a source of energy. As glucose is the most 
important carbohydrate of the animal body, any experiment 
on sulfonamide therapy must take it into consideration. 

It is well known that in inflammation the metabolism of 
carbohydrates plays a very important role. Lactic acid (Men- 
kin, 1940) is accumulated in abundance in exudate, con- 
tributing to lowering the pH and increasing negative chemo- 
taxis. It is also known by clinical experience that infection 
and reaction following the entrance of Staph. aureus into the 
skin are more severe in diabetic patients, as this bacterium 
utilizes glucose energetically. 

The literature upon the influence exercised by glucose is 
not entirely in agreement. Kligler and his coworkers (1943) 
fuond inhibition of growth of dysentery baccilli by glucose 
in a synthetic medium devoid of nicotinic acid. Muir, Sham- 
leffer and Jones (1942) were unable to find any antagonism 
between glucose and sulfonamides. Schmidt and Huber (1942) 
found that glucose failed to modify the action of sulfapyridine, 
but of course they used serum for their media, which already 
contains anti-sulfonamide substances. 

From the conflicting literature, Henry (1944) concludes that 
the matter still needs further investigation. However, the most 
authoritative contribution is that of Sevag and his coworkers. 
Sevag and Greene (1944) found that glucose favored growth 
in the presence of sulfonamide and that bacteriostasis is more 
effective in absence of glucose. In absence of glucose from the 
medium, the growth of the same strain of staphylococci grow- 
ing in sulfonamides—containing medium plus sugar is in- 
hibited by these drugs. In their experiments no greater amount 
of PABA was formed in presence of glucose than it was in its 
absence. Arylamine (p-aminobenzoic acid?) was not formed 
without the presence of tryptophane and glucose. In another 
paper in which they demonstrated that the PABA concept can- 
not be extended or applied to conditions of normal bacterial 
growth, these same authors found that a resistant strain of 
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Staphylococci will be resistant only if glucose is present in the 
medium. Our experiments definitely demonstrate the value not 
only of glucose, but of other fermentable sugars as well. 


It is possible that hexose oxidation may not be like nor 
follow the same pattern as the 3-C compounds. Oxidative 
breakdown may take place without previous fermentation and 
utilization may take place before its anaerobic breakdown to 
pyruvate, as for example, oxidation of glucose and hexose 
phosphate by bacteria not fermenting glucose, or oxidation of 
glucose to gluconic acid. It seems that an enzyme system for 
direct oxidation-glucose-glucose oxidase has been found in 
liver and molds (Barron, 1943). 

The action of sulfonamides is related, as we shall discuss 
in another section, with the respiration of the bacteria and 
particularly with the dehydrogenases system. The available 
glucose may give enough energy to the bacteria to initiate 
growth and synthesize their own metabolites, and it may play 
the role of surface activator, like exocellular or hydrolytic 
enzymes. According to the work of Sevag, glucose is necessary 
to Staph. aureus to synthesize arylamine from trytophane. A 
similar view could be reasonably held for a number of other 
metabolites whose constitution is still unknown. 

The role of thiamin is still not clear (Oppenheimer, 1939). 
Several authors have studied thiamin and other fractions of 
the B complex in their relation to sulfonamides (Laves, 1940; 
Koh, 1943; Layos, 1942), but the opinions conflict, although 
all agree at least, that in the mechanism of antagonism the 
property of active growth factors does not play any role. 

Thiamin enters into the structure of cocarboxylase (diphos- 
phate of aneurin) and its importance lies chiefly in the metabo- 
lism of pyruvate. It is possible also that Vitamin B,, being a 
pyrimidine derivative, is necessary for building nuclear mate- 
rial. In such instance one would naturally wonder whether 
any other pyrimidine would have Vitamin B,-like action. Ex- 
periments of this sort are being planned but have not been 
carried out. One is certainly at a loss to explain in some in- 
stances the better growth obtained with thiamin—sulfasuxi- 
dine than with thiamin alone. This finding may explain 
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sometimes sulfonamide failure, particularly when thiamin is 
administered at the same time as the drug. 

As the principal role of thiamin is that of cocarboxylase, 
one wonders whether a conjugated compound, like sulfasuxi- 
dine, having a thiazole radical, may activate the cocarboxylase 
function or form together with thiamin cocarboxylase-like 
complexes. 

The role of phosphate in carbohydrate metabolism needs 
perhaps the least comment, because of its well-established im- 
portance in the breakdown of glucose. Since the early work 
of Witzemann (1920) who considered disodium phosphate 
as a catalyst, having accelerating effect like peroxidase, a 
large amount of work has been published. Lipman (1943) 
considers that the oxidative phase is accompanied by phos- 
phorus fixation and the reductive phase to CO, by a release 
of phosphorus. 

Barron (1943) has concluded that phosphorylase for phos- 
phorylation mechanism, a protein-adenilic acid complex, has 
been found almost universally among higher forms and that 
the mechanism represents an advanced stage in the evolution- 
ary process of carbohydrate metabolism. Non-phosphorylative 
fermentation seems still to exist among fungi, yeasts and some 
bacteria. 

The experiments described above indicate that phosphate 
acts as a catalyzer of carbohydrate metabolism. It would be 
interesting to investigate whether sulfonamides would inhibit 
the non-phosphorylated mechanism, by using specific inhibitors 
of one or the other system. This has been planned, but has 
not yet been carried out. 

To conclude, the mechanism of sulfonamide inhibition and 
the counteracting action of glucose, thiamin and phosphate 
form a rather complex problem. It is evident, however, that 
both the thiamin and phosphate action are interrelated with 
carbohydrate metabolism, as their action is practically nil, if 
the carbohydrate is left out of the medium. They are links in 
the chain of glucose oxidation and their withdrawal definitely 
effects the bacterial respiration, and consequently, growth and 
division. 
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THE ANTIBACTERIAL ACTIVITY OF SOME OF THE 
COMMON ANTIHISTAMINE DRUGS 


Joun M. BrewsTER AND LeEo A. DicKk* 


In a previous communication, the effectiveness of the anti- 
histamine drug, Benadryl, in the treatment of the common 
cold was reported. The favorable results obtained were attrib- 
uted to the antihistaminic action alone. In a more recent 
study, it was noted that patients treated with antihistaminic 
drugs had fewer complications than those under other therapy. 
A review of the literature has failed to disclose a report on the 
antibacterial activity of the antihistamine drugs. The purpose 
of this paper is to report studies on the antibacterial effect of 
some of the common antihistamine drugs. 

Materials and Methods: The test organism used was a 
B-hemolytic strain of Staphylococcus aureus isolated from nasal 
washings and carried on trypticase agar. A 48 hour trypticase 
broth culture was diluted in saline so that an initial seeding 
of 20-50 bacteria per cc. of test medium was obtained. The 
medium was incubated at 37° C. and plate counts were made 
at appropriate intervals to ascertain the rate of growth. 

The antihistamine drugs studied were: Beta-dimethyl- 
aminoethyl benzohydryl ether hydrochloride (Benadryl), N-P- 
Methoxybenzyl-N-dimethylamine ethyl alpha aminopyridine 
(Neo-Antergan), N-(2-pyridyl)-N-(2-thenyl)-N’, N’-dimethy- 
lethylenediamine (Thenylene) and N’pyridyl-N’benzyl-N- 
dimethylethylene-diamine (Pyribenzamine. They were pre- 
pared in 0.05 mg./ml. and 0.5 mg./ml. concentrations in trypti- 
case broth and sterilized by autoclaving at 15 lb. pressure for 
15 minutes. The antibacterial effect of Benadryl was further 
checked by: (a) filter sterilization of the preparation in trypti- 
case broth and (b) using the blood of a subject who received 
50 mg. dosages of Benadryl by mouth every 4 hours for ane 
day and again for 2 days. The blood was drawn for the control 
prior to starting the Benadryl treatment. Then following in- 
gestion of the drug, blood was drawn for the experiment at the 





*Work performed at the U. S. Naval Hospital, Great Lakes, Illinois. 
Received for publication November 20, 1948. The opinions expressed in 
this report are those of the authors, and do not imply the reflection of the 
views or the endorsement of the Navy Department. 
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24th and 48th hour. It was mixed with citrate and glucose 
and used as the culture medium for growth rate observations. 

Experimental Results: Of the antihistamine drugs studied 
only Benadryl] displayed sufficient bacteriostatic activity in the 
concentration employed to merit detailed investigation. Bac- 
terial growth in the presence of each of the other 3 anti-hista- 
mine agents (Neo-Antergan, Thenylene, and Pyribenzamine) 
was equal in time of appearance and in density of turbidity to 
that of the control broth. 

In a concentration of 0.05 mg./ml., Benadryl delayed the 
growth increase for 3 hours. In a concentration of 0.5 mg./ml., 
it displayed effective bacteriostasis for 30 hours. Even after a 
period of 50 hours incubation, when the control broth reached 
20 billion organisms per cc., the medium containing 0.05 mg./ 
ml. attained a count of only 5 billion organisms per cc. and 
the 0.50 mg./ml. medium had a growth of but 300 million 
organisms per cc. The filter-sterilized Benadryl preparation 
possessed comparable bacteriostatic activity. 

Table I shows the growth rate of Staphylococcus aureus 
seeded in the whole citrated blood of a healthy young male 


TasceE I 


Growth of Staphylococcus aureus in whole citrated blood with 1% 
Glucose added. 



































A. 4 C. 
Incubation Benadryl Benadryl 
37°C Control 24 hr. 48 hr. 
Colonies* Colonies Colonies 
Seeded 18 23 20 
2 hr. -17 x 1000 .08 x 1000 .01 x 1000 
5 hr. 30 5 3 
10 hr. 500 60 8 
19 hr. 480,000 50,000 1,000 








*Plate count. 
mouth every 4 hours; and “C” represents citrated blood, drawn 
subject. “A” represents the control in which the blood was 
drawn prior to the institution of Benadryl] treatment; “B” rep- 
resents citrated blood, drawn 24 hours after the institution of 
Benadryl treatment consisting of 50 mg. Benadryl taken by 
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48 hours after continued Benadryl] treatment. The results indi- 
cate that 50 mg. Benadryl taken by mouth every 4 hours 
reaches inhibitory levels after 24 hours of treatment and sug- 
gests a possible intensification of bacteriostasis when treatment 
is continued for 48 hours. 

Figure 1 is a photograph of the plate count of these respec- 
tive blood samples taken 19 hours after seeding with approxi- 
mately 20 bacteria per cc. and incubated at 37° C. It repre- 
sents the lower segment of the table and illustrates graphically 
the marked differences of bacterial growth in the blood media 
from a subject before and after the institution of Benadryl 


medication. 





Fic. 1. Photograph of plate count of Staphylococcus aureus after 19 hours 
of incubation at 37° C. Initial seeding of 20 organisms per cc. of blood. 


Discussion 


Pratt and Dufrenoy reported that penicillin produced bac- 
teriostasis of Staphylococcus aureus in serial dilutions repeat- 
edly with 0.01 unit per ml. or 0.006 mg. per liter. This would 
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indicate that, on a weight basis, penicillin is 10,000 times more 
effective than Benadryl. 


CoNCLUSION 


The possible antibacterial activity of four antihistamine 
drugs: Benadryl, Neo-Antergan, Thenylene, and Pyribenza- 
mine, was studied by comparing the bacterial growth of Staphy- 
lococcus aureus in 48 hour trypticase broth cultures. Benadryl 
was the only antihistamine agent of this group which exhibited 
bacteriostatic activity in the concentrations employed of 0.05 
and 0.5 mg./ml. It is demonstrated that a bacteriostatic level 
in the blood is approached when 50 mg. of Benadryl is given 
by mouth every 4 hours for 24 hours. It was noted that the 
bacteriostatic activity of Benadryl is of low intensity (50- 
500 mg. per liter) when compared with penicillin (0.006 mg. 
per liter) for Staphylococcus aureus. 
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HYALURONIDASE ACTIVITY IN THE REITER STRAIN 
OF TREPONEMA PALLIDUM* 


MicHakEx S. Hussey aND Wi1KTor W. NowInskI 
Introduction 


The problem of the relation between Treponema pallidum 
and animal tissues is not yet clear. It seemed important there- 
fore, to investigate this phenomenon with the tissue culture 
technique and thus observe all the stages of the invasion. For 
this purpose the Reiter’s strain of Treponema pallidum was 
used; this strain is purported to be non-pathogenic and was 
cultured for many years in the Department of Dermatology 
in The University of Texas School of Medicine.+ 


Methods 


The spirochetes were cultured in Brewer's thioglycolate 
medium enriched with 10% rabbit serum. Test tubes 150 x 
15 mm. were filled with 15.0 ml. of the fluid medium, 
1.0 ml. active spirochete suspension was added to each iest 
tube and incubated at 37° C. 


First SERIES OF EXPERIMENTS 


The heart, brain, spleen, kidney, small intestine, and liver 
were removed from an eighteen-day-old chick embryo under 
aseptic conditions. They were cut into pieces approximately 
1 mm. square and placed in Tyrode’s solution. Rooster plasma 
(0.04 ml.) was placed on a sterile cover slip and a small piece 
of tissue was placed in the plasma. This preparation was 
mixed with 0.04 ml. of the following solution: 1 part Tyrode, 
1 part embryonic extract and 0.05% sodium thioglycolate. 
Then 0.05 ml. of active spirochete suspension was added. The 
plasma, tissue, and the solution were mixed and allowed to 

*From the Tissue Culture Laboratory, The University of Texas Medical 
Branch, Galveston. Received for publication December 6, 1948. Aided by 
a grant from the U.S. Navy (ONR-266) administered by C. M. Pomerat. 

+We wish to thank Dr. C. M. Pomerat of the Tissue-Culture Laboratory 
and Dr. C. N. Frazier, formerly with the Department of Dermatology 


and Syphilology, The University of Texas School of Medicine and now 
at Harvard University, for valuable assistance with this study. 
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clot, mounted on a hollow ground slide, sealed with paraffin 
and incubated for 1 to 10 days. 

The cover glass cultures were observed with the darkfield 
condensor and following treatment with Levaditi’s silver stain. 


Results 


In the tissue cultures of heart, kidney, small intestine and 
spleen, a decrease in the number of spirochetes for the first 
48 hours was observed. During this time there was an out- 
growth of cells from the explant. After a period of 72 hours 
a marked increase in the multiplication of the spirochetes 
could be observed and by the end of the sixth day the explant 
and supernatant were flooded with Treponema. 

The cultures of brain tissue gave similar results except that 
there was no outgrowth of cells from the explant. In the 
liver tissue cultures the spirochetes soon died. 

On the sixth day it was noted that most of the intercellular 
substance was liquified and the cells could be isolated by 


tapping on the cover slip. 
Discussion 


In the first 24 hours of culture the spirochetes showed no 
inhibitory effects on the outgrowth of cells from the explant. 
There was, on the contrary, a decrease in the number of 
spirochetes for the first 2 days. This decrease can be attributed 
partly to the change of environment due to transferring the 
spirochetes to the hanging drop, as well as to the mechanical 
agitation of the Treponema, plasma, and explant in order to 
obtain a clot. After 72 hours the spirochetes started to multi- 
ply at their usual rate. 

In more than 500 cultures the spirochetes migrated toward 
and invaded the explant by working their way into the inter- 
cellular spaces. It appeared under microscopic observations as 
if the spirochetes brought about the liquefication. It was as- 
sumed that this phenomenon might be due to the presence 
of hyaluronidase produced by the spirochetes. 

A preliminary experiment was designed to check the effects 
of the spirochetes upon hyaluronic acid. For this purpose the 
vitrous humor of beef eyes were used. The eyes were frozen 
and the vitrous humor removed under aseptic conditions and 
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cut into about 0.5 cm. squares. Each of these small pieces was 
placed in a test tube culture of spirochetes in Brewer’s medium 
and incubated at 37° C. Observations were made daily. Within 
six days the vitrous humor was completely liquefied leaving 
only a fine network. Furthermore, a marked increase in the 
number of spirochetes was observed. 

This experiment gave supporting evidence for the assump- 
tion that the spirochetes produced hyaluronidase which hydro- 
lyzed hyaluronic acid in the intercellular spaces. In view of 
the positive results obtained, it was decided to set up a series 
of experiments in which the hyaluronidase activity of the 
Treponema could be demonstrated directly. 


SECOND SERIES OF EXPERIMENTS 


A series of experiments were carried out to study the hyalu- 
ronidase activity in vitro of the spirochetes upon hyaluronic 
acid or potassium hyaluronate* as substrates. In these experi- 
ments two sets of controls are required (numbers 1 and 3 
below). The digests were set up as follows: 


1. Experimental tubes 
15.0 ml. Brewer’s thioglycolate medium 
1.0 ml. Rabbit serum 
1.0 ml. Spirochete suspension 


17.0 ml. Total 
plus: 6.0 mg. Potassium hyaluronate 
2. Experimental tubes 
15.5 ml. Brewer’s thioglycolate medium 
1.0 ml. Rabbit serum 
0.5 ml. Spirochete suspension 


17.0 ml. Total 
plus: 6.0 mg. Potassium hyaluronate 
3. Potassium hyaluronate control 


16.0 ml. Brewer’s thioglycolate medium 
1.0 ml. Rabbit serum 


17.0 ml. Total 
plus: 6.0 mg. Potassium hyaluronate 





*Our thanks are due to the Schering Corporation, Bloomfield, New 
Jersey, for supplying us with potassium hyaluronate and hyaluronic acid, 
used in our experiments. 
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4. Brewer’s medium control 


15.0 ml. Brewer’s thioglycolate medium 
1.0 ml. Rabbit serum 
1.0 ml. Spirochete suspension 


17.0 ml. Total 


These or similar experiments were repeated and the digest 
proportionally reduced to a total volume of 6 ml. as compared 
to the 17 ml. total. 

The rate of depolimerization of the potassium hyaluronate 
or hyaluronic acid by hyaluronidase was determined by the 
changes in the viscosity of the digests. For this purpose Ost- 
wald viscometers were used. The initial viscosity time was 
computed for the experimental and control groups. The tubes 
used in making the initial viscosity readings were discarded 
after use because of danger of contamination by other bacteria 
which might influence the viscosity time. The remaining tubes 
were incubated at 37° C. and readings were taken at different 
time intervals to detect changes in the viscosity time. 


RESULTs AND Discussion 


The fact observed that cells in the presence of spirochetes 
became disorganized in tissue cultures suggested the produc- 
tion of hyaluronidase by the Reiter’s strain of Treponema 
pallidum. In order to check this assumption, viscosimetric 
measurements fully confirmed preliminary observations. The 
measurements were carried out in Ostwald viscometers, im- 
mersed in a thermostat at 37° C. 

The experimental data are summarized in Tables I-III. It 
can be seen that the initial rate of flow of the medium with 
Treponema and substrate was 70.2 sec. which in course of 
incubation decreased steadily to 67.6 sec. after 24 hours, 64.8 
in one case, and 65.0 in another, after 3 days and to 58.0 sec. 
after six days (Fig. 1). The last value corresponds to the vis- 
cosity of medium with the spirochete suspension. Control 
experiments, consisting of medium and substrate but without 
Treponema maintained this viscosity throughout the time of 
incubation (70.2 seconds). The study of data presented in 
Tables II and III show exactly the same results: in all the 
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Fic. 1. 
ronate in course of incubation 


T rv 


1 3 6 DAYS 


with Treponema pallidum. 


Tasie I 


Decrease in viscosity of Brewer’s medium plus potassium hyalu- 





Time of reading 








Viscosity Time in Seconds (water = 48.3 sec.) 





a | 0 hour | 1 day | 

















3 days| 6 days 





15.0 ml Brewer’s medium plus | 
0.4 mg/ml Potassium hyaluronate| Experiment 
1.0 ml Rabbit serum Tube 70.2 67.6 | 648} 58.0 
1.0 ml Spirochete suspension | 65.0 | 58.0 
15.0 ml Brewer’s medium plus 
0.4 mg/ml Potassium hyaluronate Potassium 
1.0 ml Rabbit serum Hyaluronate 70.4 70.4 70.4 | 70.4 
1.0 ml Brewer’s medium Control 70.4 
15.0 Brewer’s medium Brewer's 58.0 58.0 | 58.0] 58.0 
1.0 ml Rabbit serum Medium 
1.0 ml Spirochete suspension Control 
15.0 ml Brewer’s medium plus 
0.44 mg/ml Potassium hyaluronate 
1.0 ml Rabbit serum Experiment 70.3 68.1 65.7 58.2 
0.5 ml Brewer’s medium plain Tube 65.7 58.0 
0.5 ml Spirochete suspension 

of 3 to 5 


*Each figure represents a single 
readings. 


experiment (tube) and is an average 
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Tas.e II 








Viscosity time in seconds (water=— 48.3 sec.) 





Time of reading 


|0 hour | 2 days | 6 days 








5.4 ml Brewer’s medium plus 

0.4 mg/ml Potassium hyaluronate 
0.3 ml Rabbit serum 

0.3 ml Spirochete suspension 


Experiment 


Tube 


58.4 54.4 53.4 
53.5 
53.4 





5.4 ml Brewer’s medium plus 

0.4 mg/ml Potassium hyaluronate 
0.3 ml Rabbit serum 

0.3 ml Brewer’s medium plain 


Potassium 
Hyaluronate 
Control 


58.5 58.5 58.5 





.4 ml. Brewer’s medium plain 
.3 ml Rabbit serum 
.3 ml Spirochete suspension 





ooun 


Brewer's 
Medium 
Control 














*Each figure represents a single experiment (tube) and is an average of 


3 to 5 readings. 


Tas_e III 





Viscosity time in seconds 
(water = 46.8 sec.) 





Time of reading 


0 hour | * 6 days 




















5.4 ml Brewer’s medium plus Experiment 57.9 48.9 
0.4 mg/ml Hyaluronic acid Tube 57.9 49.1 
0.3 ml Rabbit serum 50.3 
0.3 ml Spirochete suspension 48.6 
50.7 

50.6 

47.3 

5.4 ml Brewer’s medium plus Hyaluronic 60.3 59.0 
0.4 mg/ml Hyaluronic acid Acid 60.3 60.0 
0.3 ml Rabbit serum Control 58.0 
0.3 ml Brewer’s medium plain 59.9 
5.4 ml Brewer’s medium plain Brewer’s 49.7 48.1 
0.3 ml Rabbit serum Medium 49.9 49.3 
0.3 ml Spirochete suspension Control 48.5 
48.9 








*Each figure represents a single 
of 3 to 5 readings. 


experiment (tube) and is an average 
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experiments, the minimum of viscosity was obtained on the 
sixth day of incubation, whereas the controls remained constant. 

These experiments gave confirming evidence that the Reiter’s 
strain of Treponema pallidum produces hyaluronidase. This 
fact seems particularly interesting because of the non-virulence 
of this strain. Although Crowley (1944) showed that in the 
case of streptococci of human origin, the hyaluronidase activity 
need not be necessarily connected with virulence, we assume 
that the virulent strain of Treponema pallidum possesses 
hyaluronidase which aids these organisms to invade tissues 
and spread with greater rapidity, particularly because the 
Reiter strain derives directly from the virulent one. The 
distinction between the virulence and invasiveness of patho- 
genic organisms, pointed out by Duran-Reynals (1942) is 
highly significant from the general biological point of view, 
since it shows that these two characteristics are independent 
of each other and that the loss of one need not necessarily 
signify the loss of the other. 


SUMMARY 


1. Heart, spleen, kidney, brain, small intestine, and liver 
were cultured in vitro with a non-virulent strain of Treponema 
pallidum (Reiter strain). The organisms appeared to invade 
the intercellular areas loosening the cement substance. This 
fact suggested that this strain possesses hyaluronidase activity. 

2. Direct observations, carried out viscosimetrically, proved 
the presence of hyaluronidase in cultures of the Reiter strain 
of Treponema pallidum. 

‘3. The relation between virulence and invasiveness in the 
virulent versus non-virulent strains is briefly discussed. 
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Army Area Medical Laboratory, Brooke Army Medical Center, 
Ft. Sam Houston. 


ABSTRACTS 


Factors Affecting Sexual Recombination in Bacteria. Felix 
Haas, Orville Wyss, and W. S. Stone. The University of 
Texas, Austin, Texas. 

The two most probable mechanisms of genetic recombination 
in bacteria are by transformation or by sexual conjugation. 
Attempts have been made by us to determine which of these 
two methods, if either, is correct. Experimentation has shown 
that the filamentous stage of Escherichia coli probably has 
something to do with genetic recombination. Filaments are 
produced and recombination rate is increased by ultraviolet 
irradiation. Tests show that all of the mutant strains used can 
act either as a donor or recipient of genetic material from 
another strain. Charcoal when added to the growth tube in 
which two strains are being crossed cuts down on the recom- 
bination rate in both irradiated and unirradiated crosses. When 
crésses of two strains were made in media containing varying 
amounts of calcium recombination was always greatest when 
no calcium was present. Since the permeability of the cell 
membrane is greatest under these conditions, and since it is 
known that charcoal will adsorb nucleic acid it was thought 
that recombination by transformation probably was taking 
place. However, we have been unable to induce transforma- 
tion by growing one strain in the bacterial free supernatants, 
filtrates, or lysates of complementary strains. 


Induced Genetic Changes in Bacteria. J. Bennett Clark, Orville 
Wyss, and W. S. Stone. The University of Texas, Austin, 
Texas. 

The three genic expressions commonly worked with in micro- 
organisms are mutations, gene recombinations, and iransfor- 
mations. The incidence of mutations and recombinations can 
be increased or decreased by treatment of the cultures, or 
substrate, with various radiations or chemicals. In all cases 
so far tested, a treatment which will cause an increase in the 
mutation rate will also increase the rate of recombination. 
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Likewise any treatment which will depress one rate will also 
depress the other. In view of the present limited knowledge 
of the mechanism of these two genic manifestations, it can 
only be concluded that the treatments used induces a general 
alteration of genic material which is subsequently expressed 
as a Changed rate of mutation of recombination depending on 
the conditions of the test. Although there do appear to be 
many similarities between mutation and _ recombination, 
enough data is not yet available to determine the relation 
between these two expressions. Recombination and transfor- 
mation also exhibit many identical properties. However, nu- 
merous attempts to induce transformation in recombination 
cultures have been unsuccessful. These likewise appear to 
be two different, although basically similar, phenomena. 


A Clinical Report of One Case of Facial Actinomycosis. Fred- 
erick W. Bieberdorf and George E. Wilson, Jr. Founda- 
tion for Applied Research, San Antonio, Texas. 

The infection apparently began with a small pimple on the 
patient’s left cheek. Within a week her entire face became 
covered with large cystic lesions draining a muco-purulent 
exudate. The working diagnosis was acne vulgaris, acute cystic, 
etiology unknown. The lesions were aspirated and the organ- 
isms cultured on blood agar plates at 37° C. Only one bac- 
terial colony was observed at 24 and 48 hours incubation. 
The plates were incubated for a period of four weeks and 
then several colonies of an actinomycosis were observed on 
the plates. The organism was subcultured and found to be a 
slow-growing aerobic actinomyces, making its best growth on 
Triptose agar and blood agar. It failed to grow on Dextrose 
and Sabouraud agar. Additional lesions were aspirated and 
the pus stained with gram stain. Filaments of what appeared 
to be an catinomyces were observed. No sulfur granules were 
seen. The patient failed to show an significant response to 
local therapy, X ray, iodine, sulfadiazine, and penicillin of 
100,000 units, Q,h. Other therapeutics were discontinued, and 
the penicillin increased to 1,000,000 units Q,h, or 8,000,000 
units daily for 12 days. All of the lesions subsided and became 
non-tender, and the patient improved remarkably. After three 
months, there was no evident recurrence of the infection. 
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Carbon Dioxide Inhibition of Anaerobic Fumaric Aciti Forma- 
tion in the Mold Rhizopus nigricans. J. W. Foster and 
J. B. Davis. The University of Texas, Austin, Texas. 


Anaerobic formation of fumaric acid from glucose by 
strain No. 45 of Rhizopus nigricans is specifically suppressed 
by high tensions of CO,. Also influencing fumarate formation, 
but to a lesser extent, is the amount of mycelium utilized per 
unit of glucose available; yields are higher the smaller the 
amount of mycelium. The CO, inhibition is reversible and 
fumarate formation is restored when the CO, is removed. 
Oxalacetate decarboylase in cell preparation of R. nigricans is 
inhibited by high CO, tensions. These points provide additional 
implication of the Wood-Werkman reaction in the bulk syn- 
thesis of fumarate anaerobically by this mold. 


Toxicity of Peptones and Amino Acids for Brucellae. V. T. 
Schuhardt, L. J. Rode, J. W. Foster, and Glenda Oglesby. 
The University of Texas, Austin. 


Using previously reported standard tests for antibrucella 
factor (ABF) in peptones we found ABF values in toxic pep- 
tones ranging from 4 to 11 mg./ml. of test medium. In an 
effort to determine the nature of this toxicity, amino acids 
were combined in the concentrations in which they are found 
in 0.5, 1.0, and 1.5 per cent casein. When these were tested 
by the decimal dilution technique with 0.1 ml. inocula of 
Brucella abortus the 1.0 and the 1.5 per cent synthetic caseins 
were found to be toxic. The individual amino acids of casein 
were then tested for toxicity in McCullough-Dick mineral base 
medium at concentrations ranging down from those found in 
1 per cent casein. Cystine and tryptophane proved to be toxic 
to B. abortus at concentrations well below naturally occur- 
ring levels. The tryptophane toxicity was neutralized by 
2 per cent N-Z case broth, by a combination of 5 nontoxic 
amino acids and by the individual amino acids histidine, tyro- 
sine and phenylalanine. Thus tryptophane could not be the 
ABF of toxic peptones. Cystine toxicity was not neutralized 
by 2 per cent N-Z case nor by groups of, or by individual 
amino acids of the casein series. Cystine toxicity was neutral- 
ized by agar, glucose, cysteine, sodium thioglycolate and 
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various other agents which were effective in neutralizing the 
ABF of toxic peptones. Therefore cystine might prove to be 
an antibruccella factor of such peptones, however further ex- 
periments will be performed before final conclusions are 
drawn. 


Enteric Bacteria in the Cockroach. O. B. Williams and Ruth 
Bitter. The University of Texas, Austin. 

Examination of the hind gut contents of 94 specimens of 
the American cockroach, Periplaneta americana, for mem- 
bers of the enteric group has been made. Fifty-three adult 
roaches were collected from various locations in Austin at 
times when health conditions were normal. Forty-one insects, 
including adults and both large and small nymphs, were col- 
lected at sewer manholes in San Antonio during a period of 
excessive infant enteric disease. No definite pathogen occurred 
among the Austin isolations of a variety of enteric types, al- 
though there were two organisms of uncertain pathogenicity, 
Shigella alkalescens and Eberthella oedematiens. From the 
San Antonio series two strains of Salmonella schottmuelleri 
and one each of Salmonella oranienburg and Salmonella bre- 
deny were isolated, as well as a number of rapid lactose fer- 
menters and Proteus types. 


Evidence for the Controlling Influence of Protease-Inhibitors 
in Anaphylactic Reactions. Kenneth L. Burdon and Rose- 
Mary P. Mudd. Baylor University College of Medicine, 
Houston, Texas. 

Manifestations of hypersensitivity in different animal species 
and in man are multifarious, but a single, basic underlying 
mechanism must operate in all cases. This mechanism may 
be the interaction between the antigen-antibody system and 
the natural protease-antiprotease system in body fluids. Re- 
actions may be attributed to the sudden activation of the ever- 
present protease, following antigen-antibody union, and the 
antianaphylactic state may then be explained by the presence 
locally, or in the general circulation, of an unusually high 
concentration of protease-inhibitors. This problem is being 
studied by the use of an original, quantitative procedure for 
the titration of trypsin and antitrypsin, which permits rapid, 
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routine tests. The results of titrations on approximately 475 
samples of serum from 61 guinea pigs sensitized to egg white 
or horse serum have shown (1) that sensitization is accom- 
panied by a slight rise in serum antitrypsin (and presumably 
a proportionate mobilization of protease), (2) that a sudden 
drop in the protease-inhibitor titer occurs during the first 
minute of shock, and (3) that antianaphylactic animals con- 
sistently show abnormally high titers so long as they remain 
refractory. 


The Type of Texas 1948 Poliomyelitis Virus. Morris Pollard 
and Joan Connolly. The University of Texas Medical 
Branch, Galveston, Texas. 


Rhesus monkeys showing intracerebral immunity against 
Simian poliomyelitis virus (Rockford and Riley strains) and 
against MEF, Lansing-type poliomyelitis were challenged with 
viruses isolated from human cases of poliomyelitis in Galves- 
ton, Texas, during the summer of 1948. Monkeys which were 
immune ‘to standard Rockford and Riley strains were im- 
mune to intracerebral challenge with the Texas 1948 virus, 
whereas a monkey which was immune to MEF, virus suc- 
cumbed to intracerebral challenge with Texas 1948 virus. The 
Texas 1948 poliomyelitis virus was not infectious for mice. 


Viral Infections Contracted.in the Laboratory. S. Edward Sul- 
kin and Robert M. Pike. Southwestern Medical College, 
Dallas. 


From published reports and from personal communications, 
more than 200 laboratory infections due to viruses have been 
summarized. There were 21 fatalities. Altogether, 25 different 
viruses were involved including those which have been exten- 
sively studied with the notable exception of rabies. Five 
viruses, namely those of psittacosis, yellow fever, Rift Valley 
fever, lymphocytic choriomeningitis and Venezuelan equine 
encephalomyelitis accounted for two-thirds of the cases. An 
analysis of the probable source of these infections revealed 
that 60 individuals became infected while handling infectious 
animals or tissues, 24 were exposed to a contaminated atmos- 
phere, 11 handled infectious material from patients and 11 
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worked with material from infected chick embryos. Known 
accidents were responsible for only 28 of the cases; these in- 
clude a variety of situations, the most common involving the 
splashing of infectious material in the face or eyes. The first 
recognized cases of human infection with the viruses of loup- 
ing ill and Newcastle disease were contracted in the laboratory. 
The data also reveal information regarding incubation periods 
and the route of infection in certain virus diseases. 


Heparin and Experimental Toxoplasmosis in the Mouse. Joy 
Barnes Cross and Harold Joseph. The University of Texas 
Medical Branch, Galveston, Texas. 


This experiment was planned to discover whether a general 
anticoagulant such as heparin might have a beneficial action 
on toxoplasmosis similar to that demonstrated by Knisely with 
atabrine and Malaria knowlesii or contrarily, whether heparin 
was without effect and therefore might be used to facilitate 
experimental investigations of toxoplasmosis without altering 
the results. 

Young white mice were each inoculated intra-abdominally 
with 0.4 ml. of an emulsion of infected mouse’s brain in 
Tyrode’s solution. Subsequently, in groups of 4 to 6 mice and 
after intervals of 2, 4, 10, 22, 46, and 70 hours, each of these 
mice was infected subcutaneously with 0.1 ml. of physiologic 
salt solution containing 0.01 ml. of heparin. Two hours after 
the administration of the drug, 2 mice from each group were 
killed and a satisfactory delay in clotting was evidenced. Micro- 
scopic examination of smears of peritoneal fluid from moribund 
mice revealed an abundance of Toxoplasma in all of the groups. 
The symptoms of the disease and the median of the number of 
days of survival was the same in the experimental animals 
and in the untreated controls. 


To establish proof definitely that heparin had no effect on 
toxoplasmosis would require a larger number of mice than 
were used here but from a practical standpoint it is concluded 
that heparin may be used to facilitate studies of toxoplasmosis 
in the mouse without endangering the validity of the results. 











Society of American Bacteriologists 87 


Observations on Polymixin. Hinton J. Baker and Edwin J. 
Pulaski. Brooke Army Medical Center, Fort Sam Houston, 
Texas. 

Polymixin is stable in the dry state and when diluted potency 
is maintained by refrigeration. It is bacteriostatic and bac- 
teriocidal. A high order of anti-bacterial potency is shown 
against Hemophilus, Eberthella, Shigella, Klebsiella, Esche- 
richia, and Aerobactor species. The Pseudomonas strains 
tested have been comparatively less sensitive than other gram- 
negative species. Some Staphylococci are also sensitive. Strep- 
tococcus, Neisseria, and Proteus strains tested are resistant. 
Difficulty is experienced in producing resistant strains in the 
laboratory from polymixin sensitive strains. In humans re- 
ceiving four milligrams per kilogram per day, divided in four 
daily doses, blood levels of one to twenty micrograms were 
obtained. No polymixin can be detected in spinal fluid after 
intramuscular administration. Intrathecal administration of 
two milligrams yielded a level of five micrograms per milli- 
liter twelve hours after injection. To date fifteen cases treated 
with polymixin have been reported. Ten pertussis cases showed 
definite response after forty-eight hours’ treatment. Five other 
cases, infected variously with Klebsiella pneumoniae, Pseudo- 
monas aeruginosa, and Brucella abortus, were benefited. In 
some of the treated cases, transient albuminuria and abnormali- 
ties of the urinary sediment as well as neurotoxic phenomena 
were observed. 
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IN VITRO ASSAY OF TOXICITY OF PTERIN COM- 
POUNDS IN TISSUE CULTURE* 


W. Jacosson AND C. M. Pomerat 


Using tissue culture technique Pomerat, Jacobson, and Orr 
(1949) have demonstrated a macrophage-promoting factor 
(MPF) in the blood of rabbits. This body has been shown to 
be thermolabile, insoluble in absolute alcohol or acetone and 
soluble in Tyrode’s solution after precipitation in 14 saturated 
ammonium sulphate. Its presence does not appear to be 
correlated with the Forssman antigen or with antiorgan sera 
with high or low complement fixation or hemolytic titers. 
The induction of large macrophages within 24 hours when 
serum containing the macrophage factor is incorporated in the 
medium used for the cultivation of spleens from 18-day chick 
embryos could not be reproduced with the use of various con- 
centrations of histamine, 17-hydroxy-11-dehydrocorticosterone, 
choline, or various quaternary ammonium compounds. Various 
tests have demonstrated that MPF is not identical with leuco- 
taxin, the leucoeytosis-promoting factor, necrosin, pyrexin and 
the leucopenic factor which have been isolated from experi- 
mentally induced inflammatory exudates by Menkin (1946). 

Studies now in progress suggest that the macrophage- 
promoting factor may appear in blood serum as a result of 
serious blood losses. As a part of a program regarding the 
possible relations between MPF and agents influencing hemo- 
poiesis the toxicity of various pterin compounds was under- 
taken with the use of tissue culture techniques. The results 
obtained also bear upon current thinking with regard to the 
use of folic acid in the clinical field. 

Folic acid acts as a growth factor for bacteria, is essential 
for the differentiation of immature red blood cells and the 
normal formation of white cells. It has many other physio- 
logical functions but the mechanism of action of pterin com- 
pounds is still obscure. 





*From the Tissue Culture Laboratory, The University of Texas Medical 
Branch, Galveston. Aided by a grant from the American Cancer Society 
(CP-12A). Received for publication December 23, 1948. 
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Folic acid in large doses, given over a long period to cases 
of pernicious anaemia may produce degeneration of myelinated 
nerve fibres in the periphery and in the central nervous sys- 
tem, particularly in the spinal cord. The thickly myelinated 
fibres seem to be more subject to such lesions than thinly 
myelinated fibres. 


Method 


All experiments were conducted with hanging drop prepara- 
tions using one drop of cockrel plasma and one drop of equal 
parts of embryonic extract derived from 7-day chick embryos 
plus the drug to be tested. Chick cord explants were obtained 
according to the method described by Pomerat, Drager, and 
Painter (1946). Spleen fragments from 18-day chick embryos 
and explants of heart from 10-day embryos were employed 
to establish the relative toxicity of the compounds utilized in 
relation to various cellular test objects. Cultures of spleen 
were observed after 24 hours incubation at 37° C. for evidence 
of macrophage induction. Cord cultures were examined both 
at 24 and 48 hours. Outgrowth from heart was observed for 
6 days. 


Results 


The essential findings are summarized in Table I. 

The concentrations of the compounds used in these experi- 
ments were very much higher than would generally be achieved 
in the course of therapeutic procedures. No direct action could 
be observed by folic acid and its antagonists during the culture 
periods on explanted tissues; the outgrowth of nerve fibres 
from the embryonic spinal cord was not impaired, nor the 
growth of heart fibroblasts, the myelocytic series of cells or 
reticulum cells of the spleen. 

The macrophage reaction as defined by Pomerat, Jacobson, 
and Orr (1949) was not produced by any of the substances 
described under the conditions of this study. 

Of simple pteridin compounds, however, xanthopterin ap- 
pears to have a toxic effect on cord explants in concentrations 
of 1:8,000 and even 1:64,000 within 2 days. Xanthopterin is 
also toxic to heart fibroblasts in concentration of 1:8,000 in 
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2 days and after 8 days on the cells of the spleen in concen- 
trations of 1:8,000, but 1:16,000 has toxic effect on such cul- 
tures. The methyl substituted pteridines seem to exert only a 
slight inhibitory action on the cord in concentrations of 
1:16,000, but none on the heart fibroblast, and only a slight 
inhibitory action on the cells of spleen explants. 


TaBy, I 


Showing the Effect of Folic Acid and Other Pteridin Compounds on 
Embryonic Chick Cord, Spleen and Heart Explants. 





Folic acid 
Dihydrofolic acid 1:2000 not toxic to 
4-amino-pteroylglutamic acid (Aminopterin) cord, spleen and heart 
10-methyl-pteroylglutamic acid (A-methopterin) explants’ (Heart test- 
4-amino-pteroyl aspartic acid (Amino-An-Fol) ed 1:4000 only) 
1:8000 toxic to heart fibroblasts and inhibition 
of outgrowth of fibres of cord explants. 
Xanthopterin: Also toxic at concentration of 1:64000 on cord 


explants. 
Slight toxic effect on spleen cells in concen- 
tration of 1:8000; 1:16000 has no toxic effect. 


8000 no toxic effect on heart (higher con- 
centration not studied). 
| 1:16000 no toxic effect on cord (4 days). 


( 1:4000 no toxic effect on spleen. 
6-carboxypteridin: 4 1: 


1:16000 no toxic effect on heart; very slight 
6-methy]pteridin: toxic effect on spleen and cord (after 5 
days). 


:16000 no toxic effect on spleen. Very slight 


6.7-dimethy]pteridin: toxic effect on cord (after 5 days). 
:32000 no toxic effect on heart explant. 


= 


:16000 very slight toxic effect on spleen and 


7-methy]pteridin: { heart; very slight toxic effect on cord (after 
5 days). 





SUMMARY 


Tissue cultures of chick spinal cord, spleen, and heart were 
utilized to test the toxicity of folic acid and various pterin 
compounds. No injury to fibers from spinal cords was observed 
after 48 hours in a medium containing folic acid at 1:2,000. 
Xanthopterin showed injury to cord explants at 1:64,000 and 
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to fibroblasts from heart and splenic cells at 1:8,000. The 
methyl substituted pteridines appeared somewhat less toxic. 


At the various concentrations used none of the compounds 
induced macrophage transformations beyond those observed 
for corresponding control cultures. 
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PH STABILITY OF MEF, POLIOMYELITIS* 


Morris PoLLarpD AND JOAN CONNOLLY 


In studying methods for the concentration and purification 
of poliomyelitis virus, the determination of the pH stability 
of the virus is a very necessary and important step. Without 
this information it would be difficult to process a virus through 
various stages of purity without inactivating a considerable 
amount of it. 

Much work has been done on the pH stability of viruses 
and definite optimal pH ranges have been recorded for such 
viruses as vesicular stomatitis, infectious bronchitis of chickens, 
Eastern equine encephalomyelitis, St. Louis encephalitis, 
mumps, influenza, and many others. 

Loring and Schwerdt reported in 1944 on the pH stability 
range of MVA strain of poliomyelitis virus. They exposed the 
virus to the desired pH for one to two hours then, after 
neutralizing the virus-buffer mixture, they inoculated the mix- 
ture intracerebrally into rhesus monkeys. They found that a 
purified form of MVA strain virus was relatively stable in 
solutions as acid as pH 1.6 or as alkaline as pH 10+0.3.... 
and unstable past either extreme of this range. Schatz and 
Hildegard found that MM hamster poliomyelitis virus was 
most stable within the range of pH 7 to 9. 


Methods 


The strain of poliomyelitis used in this work is a human 
strain isolated by Schlesinger and coworkers in the Middle 
East from military personnel stationed in that area during the 
last war. It is referred to as MEF, strain and it is considered 
to be a Lansing-type mouse-adapted human poliomyelitis virus. 

The procedure which was used in the preparation of the 
MEF, poliomyelitis inoculum was as follows: 


1. Webster strain of white mice weighing approximately 
10 grams each were inoculated intracerebrally with 0.03 cc. 





*Supported by a grant from National Foundation for Infantile Paralysis, 
Inc. From the Virus Research Laboratory, The University of Texas Medical 
Branch, Galveston. Received for publication December 28, 1948. 
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of 10— dilution of the MEF, poliomyelitis virus. The mice 
were examined daily and as soon as typical smyptoms of pa- 
ralysis were observed, these mice were killed and their medullas 
and cords were removed asceptically, pooled, and stored in the 
dry ice box until used. 

2. The infected nervous tissue was emulsified with sterile 
alundum and physiological saline in a mortar and pestle to a 
1-20 dilution. 





—_— — 


25, a 
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58 4.9 6.5 8.5 


pH 
3. This suspension was then centrifuged at 2,000 r.p.m. for 
20 minutes and the supernatant was recentrifuged at 4,600 
r.p.m for 45 minutes. The resulting supernatant fluid consti- 
tuted the inoculum. 
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4. 5/M buffer solutions for diluting the virus were pre- 
pared from Coleman’s Certified Buffer Tablets at pH levels 
of 3, 5, 7, and 9. Equal parts of the buffers and the MEF, 
poliomyelitis suspension were mixed and by potentiometric 
determination it was found that the pH was altered some- 
what—i.e., pH 9 was lowered to 8.5, pH 7 to 6.5, pH 5 to 4.9, 
and pH 3 was raised to 3.8. The buffered MEF, poliomyelitis 
suspensions were thus prepared and were thereafter stored at 
11° C. After four hours, a 10~* dilution of virus suspension 
in sterile saline was made of each and .03 cc. was inoculated 
into groups of 6 mice. This procedure of inoculating a 10-7 
dilution of each virus suspension was followed every week 
thereafter for 25 weeks. All mice were observed daily for 30 
days after inoculation for evidence of symptoms of poliomye- 
litis and records were kept of all mice which were positive 
for the disease.* 

At regular intervals, the mixtures of buffers and MEF, 
poliomyelitis suspension were cultured for bacterial contamina- 
tion in thioglycollate medium with negative results. 


Results and Discussion 


Chart I represents the results of all mouse inoculations and 
indicates that the MEF, poliomyelitis virus has maximum sta- 
bility in the vicinity of pH 7. At pH 3.8, all mice were killed 
by the infection up to 10 weeks; at pH 4.9, up to fifteen weeks. 
The pH 8.5 inoculum retained its pathogenicity for all mice 
up to twelve weeks and weakened thereafter. These deter- 
minations are based on 100% mortality for each inoculation 
and the storage end-point of viability was determined when 
an inoculation had survivors. 

The virus was relatively stable even at the extremes of the 
pH range tested. It appears from these results that little diffi- 
culty should be encountered in storage of the virus even at 
ordinary refrigerator temperature, so long as the pH of the 
menstruum is kept near 7. Twenty-five weeks does not repre- 
sent the end point of infectivity for the virus suspension which 





*A duplicate set of buffered MEF, poliomyelitis virus suspension was 
stored at 35° C., but after one week, the suspensions were very highly 
toxic to mice and were therefore discarded. 
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was stored in pH 7 buffer. The stock of virus was used up at 
this period and the study was therefore stopped. 

There appears to be much similarity between the pH sta- 
bility exhibited by enzymes and that of viruses. Enzymes, 
like viruses, are sensitive to pH changes and each has its 
optimum pH at which’ they are most stable. The results of 
this and other work on the pH stability range of viruses seems 
to support the contention of some investigators that some of 
the viruses are specific proteins which appear to exhibit many 
of the characteristics of enzymes. 
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AUREOMYCIN: PROTECTIVE EFFECT IN EXPERI- 
MENTAL ROCKY MOUNTAIN SPOTTED FEVER 
AND TYPHUS WITH PARTICULAR REFER- 
ENCE TO INTERMITTENT TREATMENT 


Lupwik ANIGSTEIN, DororHy M. WHITNEY AND 
Jor BENINSON* 


A new antibiotic has been recently added to the growing 
list of curative microbial substances. This product was isolated 
from the mold Streptomyces aureofaciens, n. sp., by B. M. 
Duggar (1948) of the Lederle Laboratories and called Aureo- 
mycin. Whereas this designation refers to the golden yellow 
color of the substance, the synonymous and tentative name 
Duomycin characterizes its wide spectrum of antibiotic activi- 
ties against most of the gram positive and gram negative bac- 
teria. In addition to its unusual range of antibacterial activities 
in vitro and in vivo, aureomycin exhibits antirickettsial and 
virucidal properties as shown by Wong and Cox (1948), Anig- 
stein, Whitney and Beninson (1948), and by Wright, Sanders 
et al. (1948). Although all the known rickettsial infections 
are affected by aureomycin, its virucidal activity is apparently 
limited to the larger viruses only, namely to the lympho- 
granuloma-psittacosis group. 

As compared with the other antibiotics, aureomycin pos- 
sesses several properties by which it outranks other agents of 
this group including the recently discovered chloromycetin. 
It is non-toxic to human beings when administered orally at 
a rate of 30 mg./kg. daily or parenterally in a dosage of 20- 
40 mg. daily over a period of several days or longer (Schoen- 
bach et al., 1948). In addition to being effective parenterally 
and by oral administration, the main advantage of aureomycin 
is its significant concentration in the blood 15-60 minutes after 
injection and its high blood levels for at least 24 hours (Wright, 
Sanders et al., 1948). 





*From the Rickettsial Research Laboratory, Department of Preventive 
Medicine and Public Health, The University of Texas Medical Branch, 
Galveston. This study was aided by a grant from Lederle Laboratories 
agg American Cyanimid Company. Received for publication Decem- 

r, 1948. 
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The pure product is supplied as a golden-yellow crystalline 
hydrochloride salt, readily soluble in water or in saline, but 
rapidly deteriorating in solution. The acidity of the solutions 
(pH 4.5) causes pain when injected subcutaneously or intra- 
muscularly. The local reaction can be avoided by using 1% 
procaine as diluent. 

Materials and Methods 


The antirickettsial activities of aureomycin were tested on 
experimental Rocky Mountain Spotted Fever and epidemic 
typhus (Breinl strain), in guinea pigs. Each of the strains 
produces clear-cut clinical symptoms, characterized by abrupt 
fever after 3-4 days incubation in spotted fever, and after 
6-8 days incubation in experimental typhus. High, continu- 
ous fever of 4-6 days duration is accompanied by necrotic 
scrotal reactions in spotted fever guinea pigs and is followed 
by a high fatality rate (90-100%). In epidemic typhus, the 
only criterion is the characteristic fever curve. Usually all 
guinea pigs recover from typhus fever. 

For experimental infection, a constant volume of 1 ml. 
spotted fever spleen suspension diluted 1:100 in skim milk 
was injected intra-abdominally. For typhus fever, guinea pigs 
brain similarly treated served as a source of infection. 

Aureomycin hydrochloride was supplied by the Lederle 
Laboratories in two forms: vials containing 20 mg. of ‘the 
yellow powder for parenteral use and capsules each contain- 
ing 50 or 100 mg. of the antibiotic for oral administration. 

Guinea pigs of both sexes, 450-500 gm. body-weight, were 
used and kept prior and during the experimental period in 
an air-conditioned laboratory (76—78° C.). Daily rectal tem- 
peratures of the animals were recorded for at least 18 days 
following the infection. 


Experiments and Results 


The general trend of the present study was to establish an 
efficient mode of administration of aureomycin, including dos- 
age, frequency, and length of treatment. Emphasis was placed 
on the initial phase of the infection covering the entire or 
paitial incubation. Furthermore, the effect of the antibiotic 
on immunity and on the formation of specific antibodies 
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as measured by complement fixation tests were analyzed. In 
brief, clinical prophylaxis combined with curative measures, 
and the immunological response of the host were the objectives 
of the present study. 

SpoTTED FEVER 


Initial tests were performed on a series of 8 guinea pigs 
infected with spotted fever and treated with aureomycin by 


subcutaneous injections of 2 mg. daily for 7 days beginning 
with the day of infection (Table 1). As compared with the 


SPOTTED FEVER IN GUINEA PIGS TREATED 


















































‘i WITH AUREOMYCIN 

a 12 34567 8 ‘PIETY: 166 7 B10 ~ 2345 O7 89 ON 1213 4 IS ON 18 19 
a |, SF CONTROL 3449 | SE CONTROL 3452 
- U sbe. UNTREATED | sbc. UNTREATED 

39 | + | + 

3B nenstiteniaenaamnlieds 

40 \$ SF. 3453 iy SF 3456 | 
Sittttttto Total 2imgig t tt tt to 8g /Keg 
” n — 3457 il eo 3459 
39 WN / VY | id 

34444440 aimg kg |*4444 to 28mg /Ky 
40 ly S.F. ~ 3958 Ti) se 3462 
Bhestttto —— "/*S |e s¥ansgo 28 mg/kg 
pe SF 346i!) SF. 3460 
91\ 7 , | Seen 
Bhettttto amok ttt tt tto 2Bmng/Kg 











Aureomycin injected sbc 2mg daily over 7 days 
beginning with the day of infection. +t died 


t-infection: taureomycin; o-no treatment 











TaBie 1 





In 
es, 
ves 


igs 


1g 
he 


> 











Spotted Fever and Typhus with Treatment 99 


controls showing a typical course of spotted fever followed 
by death, the response of all test animals was significant: 
4 of them remained afebrile during 18 days observation, 2 
others reacted with moderate or abortive fevers on the 13th 
day, and one responded on this day with slight fever of one- 
day duration. With the exception of 1 animal which died 
(probably of diarrhea) and showed hemorrhages at the site 
of drug injection, all other guinea pigs recovered (Table 1). 
It was concluded from this initial series that aureomycin had 
a definite suppressive effect on the course of the infection in 
preventing the clinical symptoms or~attenuating the disease 
after a protracted incubation. 

In the next series, the administration of the drug (2 mg. 
daily) was initiated 24 hours after infection and continued 
for 4 days during incubation (Table 2). Thus the total 
amount of the antibiotic was reduced from the average of 
30 mg./kg. to 22 mg./kg. Of 8 test animals 5 remained en- 
tirely afebrile whereas 3 developed spotted fever after 10-14 
days contrary to the controls which came down with fever 
after. the usual 4 days incubation. Consequently, despite the 
24-hour delay in drug administration and the considerable 
shortening of the treatment, the clinical response to the infec- 
tion was prevented in 62% of the animals in this series 
(Table 2).. 


A further reduction in dosage was made in the third series 
of 8 guinea pigs infected with spotted fever 24 hours prior to 
drug administration, and injected with 2 mg. daily for 2 days 
and with 1 mg. on the fourth day. A total amount of 5 mg. 
per guinea pig, or an average of 12 mg./kg. were used during 
the experiment. As seen from charts of Table 3, moderately 
severe fever reactions (as compared with the controls) were 
recorded in 3 guinea pigs after a 10-12 day incubation; two 
other animals remained afebrile and 2 showed abortive and 
slight fevers. One of them (3492) deserves attention because 
it was treated with 5 mg. of aureomycin orally on the 14th 
day after an abrupt fever attack (40.4° C.) was recorded. On 
the following morning the temperature subsided as abruptly 
as it rose the day before. 
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Recognizing the slow excretion of aureomycin from the 
body, longer intervals separating single injections were adopted. 
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TABLE 2 


In a series of 8 guinea pigs, the initial subcutaneous injec- 
tion of aureomycin was given 2 hours after intra-abdominal 
infection. Of this group, 4 animals were injected with 1 mg. 
each, while each of the other 4 received 2 mg. every 48 hours. 
The third injection was followed by a lapse of 72 hours before 
the fourth and last dose (Table 4). In one case (3697) the 
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temperature remained normal during the entire period of 
observation; only 1 guinea pig showed a significant fever 
after 12 days incubation. The other 6 animals reacted with 
abortive fever elevations after protracted incubation, the longest 
being 15 days in contrast to the typical course of spotted fever 
in the untreated controls. 
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All the treated animals recovered and were reinoculated one 


month after the original infection with spotted fever. No fever 
reactions were noted in any of the challenged guinea pigs 
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during the 18 days observation, thus establishing their com- 
plete immunity. These experiments were preceded by com- 
plement fixation tests with sera of the treated guinea pigs bled 
14 days after infection. Spotted fever rickettsiae as antigen 
(Lederle Laboratories) were used in the test following the 
Bengston technique (1941). A low complement fixation titer 
(1:16; 1:32) was found in 2 guinea pigs treated with 2.0 mg. 

per dose as compared with higher titers (1:128-1:256) of the 
group treated with 1.0 mg. (Table 4). 
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TABLE 4 
Intermittent treatment was continued in another series of 
8 guinea pigs repeating the injections every 72 hours. A com- 
plete suppression of symptoms was observed in 2 out of 4 
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animals treated with 1 mg., while the other 2 reacted with 
moderate fevers (Table 5). Reinoculation of the entire series 


Aureomycin: INTERMITTENT TREATMENT OF SPOTTED 
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TABLE 5 


with spotted fever rickettsiae again proved their complete im- 


munity. The results of the complement-fixation tests corrob- 
orate the previous findings, namely, titers were considerably 


lower in 4 guinea pigs treated with 2 mg. aureomycin (1:8; 
1:64; 1:64; 1:128) as compared with the parallel group re- 
ceiving 1.0 mg. per dose (1:256; 1:1,024; 1:4,096). 


In following up the mode of administration, its effect on 


the course of the disease and on the antibody formation, a 


series of 10 guinea pigs infected with spotted fever were 


treated with larger dosage of aureomycin (3.0 mg. per dose) 
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beginning with the day of infection. A total of 4 injections 
was given, the first 3 at regular 72-hour intervals, while the 
last one was on the first day of fever or in case of relapse. 
With the exception of one case (3718) which developed de- 
layed spotted fever of 4 days duration after 12 days incuba- 
tion, the abrupt fever attacks which developed in most of the 
remaining animals were terminated as abruptly by a single 
dose of aureomycin (Table 6). 


AUREOMYCIN: INTERMITTENT TREATMENT OF SPOTTED 
FEVER IN GUINEA PIGS 


(Average total age 18 mg /KB/ pig 
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TABLE 6 
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Serological tests for specific antibodies were performed in 
9 guinea pigs with the result that except for one case (3724) 
which developed a high C. F. titer (1:1,280) all other tests 
showed titers at low levels from 1:10 to 1:60. The total dosage 
of the antibiotic in this series of larger guinea pigs was 18 
mg./kg. equal (wt./wt.) to the previous groups treated with 
2 mg. per dose. The antibody titers of the latter group as 
shown before were equally low. 

The next inquiry was to establish the longest possible de- 
lay in the protection against spotted fever by aureomycin. 
A series of 12 guinea pigs were infected intra-abdominally 
with spotted fever. 

A dose of 5 mg. aureomycin iin distilled water was given 
orally to 12 test animals 48 hours after infection. An “inter- 
mittent” treatment was then adopted by injecting 2 mg. of 
aureomycin every third day (Table 7). 


Except for 4 animals which showed more protracted fevers 
and received a total of 3 or 4 intermittent injections, the re- 
maining 8 guinea pigs of this series were injected with 2 mg. 
aureomycin each on the 5th and 7th day of infection (Table 7). 
Apart from guinea pig 3554 which remained completely afe- 
brile after a total of 10 mg. aureomycin, a wide variety of 
fever reactions were observed in the remaining test animals. 


In some cases slight temperature elevations of 1, 2 or 3 
days duration at the early stages of the infection were noted, 
while protracted and moderate fevers were recorded in guinea 
pigs Nos. 3558 and 3560. Relapses separated from initial at- 
tacks by afebrile periods were also observed. On the whole, 
and as compared with the controls, a significant suppression 
of clinical symptoms was achieved when the initial oral dose 
was given 48 hours after the infection and then followed by 
intermittent parenteral treatment. All treated animals re- 
covered, gradually regaining the heavy loss in body weight 
(up to 25%) noticeable particularly by the end of the first 
week, 
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TABLE 7 
Epipemic TypHus 
In a series of 8 guinea pigs, oral administration of aureomy- 


cin was initiated 24 hours after intraperitoneal infection 
(Table 8). The dosage of 5 mg./kg. guinea pig per day for 
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4 consecutive days was given after which the treatment was 
discontinued. In the 4 untreated controls a sharp rise of fever 
was recorded on the 7th day, which remained on a high level 
for the next 7 days. In contrast, 4 test animals remained 


EPIDEMIC TYPHUS IN GUINEA PIGS TREATED 
WITH AUREOMYCIN 


di ly Ty..i_p. CON 3525 ly Ty.ip. "3525 
40 UNTREATED UNTREATED 


39 


3518 Ty;, L.p. 


40 
39 


38 
° 
40 20 Ty., i. p. 


39 
38 4o 4+ 
40 ly, up- 3526}, Ty., L.p. 3522 


39 
BLA AAAS =~ 


4ol¥ Ty.i-p. 3521 ly Ty, ip. 3527 


39 
3304 oo/oo of of 





of 


Initual oral administration of cin (5mg/Kg) 
4 consecutive days followed by parenteral treatment 
(2mg) at fever rise. 


¥-intection; 4+-aureomycin; o- no treatment 











TaBLe 8 


afebrile during the 18-day observation while 4 showed slight 
or moderate fevers on the 15th or 16th day. As a whole, 
typhus fever was either entirely suppressed or reduced to 
abortive negligible attacks after a considerably prolonged incu- 
bation. 
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The mode of treatment of the next series of 6 guinea pigs 
consisted in parenteral administration given at intervals every 
third day and beginning 48 hours after i. p. infection (Table 
9). Subcutaneous injections were given on the 3d, 5th, 7th, 
and 9th day of the infection, whereupon the treatment was 
discontinued. 


EPIDEMIC TYPHUS IN GUINEA PIGS TREATED 
WITH AUREOMYCIN 
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TABLE 9 


Irregular intermittent fever attacks developed in 3 guinea 
pigs after a protracted incubation while the other 3 guinea 
pigs remained afebrile. 


SUMMARY AND Discussion 


It is evident from the results of the present study that aureo- 
mycin is provided with potent antirickettsial properties as 
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previously reported by Wong and Cox (1948), by the authors 
(1948) and by others. In the present studies guinea pigs in- 
fected with the highly virulent spotted fever rickettsiae or with 
epidemic typhus were protected when treated with aureomy- 
cin. A complete or partial suppression of fever in both 
rickettsioses was achieved when the treatment followed the 
infection on the same day or 24 to 48 hours after. In the 
great majority of the cases, single per diem doses (1-3 mg.) 
of aureomycin were injected subcutaneously. The original 
daily administration for 7 consecutive days was replaced by 
intermittent treatment every 48 or 72 hours with equally good 
results. With very few exceptions all treated animals re- 
covered from spotted fever contrary to the high fatality rate 
of the untreated cases. 

In all cases, guinea pigs recovered from spotted fever proved 
immune to reinoculation with homologous rickettsiae, regard- 
less of their previous complete or partial suppression of symp- 
toms. The non-interference of aureomycin with immune 
phenomena was also corroborated by the appearance of com- 
plement fixing antibodies in treated animals. However, a 
correlation was found between the dosage of aureomycin and 
the C. F. titers. Preliminary tests show that animals treated 
every 48 or 72 hours with 1.0 mg. per dose (total average 
about 10 mg./kg.) exhibit in their sera much higher titers 
(up to 1:4,096) as compared with those treated with 2.0 mg. 
per dose (total average about 20 mg./kg.). In the latter group 
the C. F. titers ranged from 1:8 to 1:128. 

In the interpretation of the effects of the intermittent aureo- 
mycin therapy (Tables 4, 5, 6), the theories recently advanced 
by Eagle (1948) pertaining to penicillin therapy deserve con- 
sideration. In analyzing the intermittent penicillin treatment 
of pneumococcal infections in mice and experimental syphillis 
in rabbits, Eagle emphasizes the importance of “penicillin- 
free” intervals between the injections. If this interval is pro- 
longed then the regrowth of the surviving organisms coun- 
teracts the therapeutic effect of the preceding injection of 
penicillin. This statement can be illustrated by the responses 
of our series where the abortive fever attacks followed pro- 
longed “aureomycin-free” intervals (Table 6). During this 











110 Anigstein, Whitney and Beninson 


length of time (5-7 days) aureomycin has apparently fallen 
to concentrations lower than those necessary for a therapeu- 
tically favorable balance, thus permitting the rickettsiae to 
resume their multiplication. However, the efficacy of a single 
injection of aureomycin resulting in a frustrated attack would 
be difficult to accept without the synergistic action of the 
defense mechanism of the host. 


Another aspect of our observations can be offered by the 
plausible theory of Bigger (1944) who distinguishes the multi- 
plying phase of bacteria, accessible to the action of penicillin, 
and the “persisters” or resting phase against which penicillin 
fails to act. Should rickettsiae be included in Bigger’s theory, 
then the intermittent aureomycin therapy would explain its 
efficacy at the multiplying phase of rickettsiae. At this phase 
which is manifested by fever of the infected host, the rickettsiae 
become vulnerable to the action of the antibiotic. 
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IN VITRO RESPONSE OF STAPHYLOCOCCUS TO AUREO- 
MYCIN, STREPTOMYCIN, AND PENICILLIN* 


C. E. LANKForD AND HELEN Lacy 


Although penicillin has proven to be remarkably effective 
in a high proportion of staphylococcal infections, and strepto- 
mycin is serving as a valuable adjunct for certain cases of 
penicillin-resistant staphylococci, there remains a significant, 
and perhaps an increasing proportion of cases which fail to 
respond to “‘adequate” doses of either or both of these drugs. 
A third antibiotic, effective against penicillin- and streptomy- 
cin-tolerant staphylococci, would be an important addition to 
therapeutic resources. Aureomycin (Duggar, 1948) seems 
likely to be such an antibiotic. 

When a new antibacterial agent is introduced for clinical 
use, certain questions arise in relation to its effect on the 
parasite: (1) what is the natural range of tolerance of the 
parasite for the drug? (2) what is the probability that the 
parasite may give rise to virulent mutants of relatively high 
tolerance? (3) how does the new antibiotic compare in effec- 
tiveness with established drugs? and (4) is there advantage in 
using the antibiotic in conjunction with other drugs for in- 
creased antibacterial effect and/or suppression of drug tolerant 
mutants? These questions may be answered in part by in 
vitro studies of the drug-parasite relation, and the results may 
be used to predict, with reasonable yet not infallible accuracy, 
the probable clinical effectiveness of the drug. This study was 
undertaken to answer, within the limitations of our experi- 
mental methods, these questions as they apply to aureomycin 
and Staphylococcus aureus. 


Methods 


Aureomycin was supplied by the late Dr. Y. SubbaRow of 
the Lederle Laboratories Division of American Cyanamid 
Company. It was provided in ampoules containing 20 mg. of 
the water soluble hydrochloride. A stock solution was pre- 





*Department of Bacteriology, The University of Texas Medical Branch, 
Galveston. Received for publication December 30, 1948. 
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pared in sterile, distilled water and was kept frozen except 
when in use. For preparation of media containing aureomycin, 
dilutions of the stock solutions were prepared in cold water 
in the desired concentrations and added to measured volumes 
of agar or broth medium. The medium was inoculated within 
a short time of its preparation, and results were observed as 
soon as consistent with satisfactory growth in the control 
cultures. These precautions were desirable because the drug 
loses activity at incubator temperature. Media containing 
penicillin and streptomycin were prepared in‘a similar manner. 

Bacto tryptose broth or agar, with 0.1 per cent glucose, at 
pH 7.0, was used as the test medium throughout the investi- 
gation. Broth cultures were inoculated with 1 drop of a 1:1,000 
dilution of a light suspension of the test organism, and growth 
(turbidity) was measured with a Klett-Summerson electro- 
photometer. Plates of the agar series used for routine tests of 
drug tolerance were inoculated by radial strokes of a cotton- 
tipped applicator which had been charged from a broth sus- 
pension of the test culture. The amount of growth on agar 
cultures was estimated in terms of that on the drug-free control 
plate, and the highest concentration which permitted visible 
growth was designated as the “tolerance” of the culture. 

Except for the Oxford and FDA 209 strains of staphylococci, 
the cultures used in the investigation were isolated from pa- 
tients in the John Sealy Hospital.’ Sixteen produced coagulase, 
and of the five coagulase negative cultures, three were isolated 
from spinal fluid of cases of staphylococcic meningitis. All 
parent cultures and their drug-tolerant mutants were tested 
for pigment (milk agar), hemolysis (5.0 per cent rabbit blood 
agar), and coagulase (bacto coagulase plasma). 

Mutants of increased antibiotic tolerance were selected by 
a procedure first used in a study of sulfonamide resistance of 
gonococci (Lankford, Scott, and Cooke, 1943) and subsequently 
applied to penicillin (Demerec, 1945), streptomycin (Klein and 
Kimmelman, 1946; Alexander and Leidy, 1947), and other 
bacteriostatic agents (Severens and Tanner, 1945); Oakburg 
and Luria, 1947). Equal volumes (0.5 ml.) of a heavy sus- 





1We are indebted to Miss Joan Floyd and Miss Oleta Beck for isolation 
of the majority of cultures. 
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pension of staphylococci, harvested and pooled from three drug- 
free cultures, were pipetted to the surface of agar plates con- 
taining graded concentrations of the drug. The inoculum was 
spread with a sterile glass rod, and excess moisture was re- 
moved by drying the plates in the incubator. Parallel plat- 
ings were made from the same original culture suspension to 
aureomycin, streptomycin, and penicillin, except that several 
dilutions of the suspensions were plated at low concentrations 
of the latter two drugs. Dilution plate counts were made of 
the inoculum. After 48 to 72 hours incubation, counts were 
made of all discrete colonies developing at concentrations of 
the drug which inhibited the mass of inoculum (Figure 1). 
From these plates representative colonies were carefully picked 
and streaked for isolation upon drug-free agar, from which 
single colonies were selected to establish pure cultures. Colonies 
picked from the higher concentrations of streptomycin were 
streaked also to plates containing 100 and 300 micrograms 
per ml. streptomycin, in order to obtain growth of strepto- 
mycin-requiring mutants (Miller and Bohnhoff, 1947; Kush- 
nick, et al., 1947). After one or more transfers on drug-free 
agar, all “mutant” cultures were tested for tolerance in parallel 
with the parent culture. In certain instances these first stage 
mutants were replated in order to select second stage mutants. 


Results 


Range of antibiotic tolerance. The tolerance of the 21 staphy- 
lococci for aureomycin was characterized by. an unexpectedly 
narrow range (Table 1). The highest tolerance was found to 
be only 3- to 4-fold greater than that of the most sensitive 
culture, and the majority failed to grow at 0.2 micrograms 
per ml. Penicillin tolerance, by contrast, was distributed over 
a range from .006 to 1.0 micrograms per ml., and one-fourth 
of the cultures were within the “moderately resistant” range. 
No culture of high streptomycin tolerance was encountered in 
this series, although 18 cultures tolerated 1 to 3 micrograms. 

Some difficulty was encountered in determining the end- 
point of aureomycin bacteriostasis, since growth gradually 
diminished as the concentration of the drug was increased. 
This behavior contrasts to.the sharp end-point usually obtained 
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Ficure 1 
Selection of Drug-Resistant Mutants of Staphylococcus aureus FDA 209 
Inoculum: 1.3 x 10* on streptomycin, 10 micrograms per ml.; all others, 
1.3 x 10%. Values for drugs in micrograms per ml. PC: penicillin G; SM, 


streptomycin; AM: aureomycin. Compare the relative numbers of drug- 
“resistant” mutant colonies on plates of each drug. 
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with penicillin and streptomycin, and is reminiscent of the 
partial bacteriostasis shown by sulfonamides in agar cultures 
over a wide range of concentration. It was found that more 
reproducible estimation of aureomycin tolerance could be ob- 
tained from growth inhibition curves in broth, using 50 per 
cent inhibition of growth at 18 hours as the, point for com- 
parison. Thus, aureomycin required to effect 50 per cent 
inhibition of growth of the most sensitive culture (FDA 209) 
was .012 micrograms’ per ml., as compared with .033 for the 
most tolerant (Figure 2). Fifty per cent inhibition in broth 
was obtained at approximately one-fifth the concentration of 
aureomycin which had been found to be the limit of tolerance 
on agar plate cultures. 


TAaBle 1 


Antibiotic Tolerance of 21 Staphylococci 
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*“Tolerance” is the highest test concentration which permits visible 
growth on agar. 


Despite the small number of cultures tested in this series, 
the narrow range of aureomycin tolerance suggests that strains 
of high native tolerance will not be common.’ If this is con- 


“In other tests, 50 per cent inhibition of this culture ranged from .02 
(Figure 4) to .022 (Figure 5) micrograms per ml., depending upon incu 
bation time. 

3Since this study was completed, Paine, Collins, and Finland (J. Bact., 
56:489, 1948) have reported a sensitivity range of 1 to 12.5 micrograms 
per ml. for 27 cultures of S. aureus. Since details of their test are not 
given, we are unable to assess the probable cause for this very marked 
difference in results. 
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Ficure 2 
Inhibition of Growth of Staphylococci by Aureomycin 


S., original “sensitive” culture of staphylococcus FDA 209 (50% inhi- 
bition by .012 microgram per ml.); R1, first stage mutant to aureomycin 
resistance, selected from S.; Ria, second stage mutant, selected from R1; 
Rib, small colony type selected from Ri and stimulated by aureomycin. 
No. 4912, most tolerant staphylococcus culture by plate test (50% inhi- 
bition at .033 microgram per ml. broth). Incubation, 16 hours. 
firmed by studies of greater numbers of cultures, aureomycin 
will have a marked advantage, in this respect, over penicillin 
and streptomycin. The probable correlation of clinical response 
with in vitro sensitivity can be predicted on the basis of previ- 
ous experience with sulfonamides, penicillin, and streptomy- 
cin. This probability is reinforced by results obtained in 
treating a grave case of staphylococcic meningitis,‘ from which 
our most tolerant culture (No. 4912) was isolated. Although 
uninfluenced by combined sulfonamide, penicillin, and strepto- 
mycin therapy, the infection responded promptly and dra- 
matically to aureomycin. 





4Almklov, J. R.: Personal communication. 
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TABLE 2 


Selection of Mutants to Aureomycin Tolerance 
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Number Mutant Colonies 

Staphylococcus at Different Aureomycin Average Mutant 

Culture Inoculum Concentrations, “g/ml Ratio* 

S- *+ 2 4:5 = 4 

FDA 209 (a) 3.5 x 10° 63H wD OF 2.5 x 108 
FDA 209 (b) 1.3 x 10° 16 18 8 x 108 
NO. 876 2.1 x 101° 3 60 x 108 
Kel. 1.5 x 101° os ing 90 x 108 
Car. 1.0 x 101° > a 23 x 108 
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*Ratio of cells of inoculum to average number mutant colonies found. 


Mutation to resistance. Four cultures of staphylococci were 
examined for aureomycin tolerant mutants on agar plates 
over a range from 0.1 to 10.0 micrograms per ml. Plates up 
to 0.6 to 1.0 micrograms usually produced heavy, confluent 
growth from inocula containing 10° to 10*° viable cells. From 
0.8 to 4.0 micrograms the growth was confluent but thin to 
film-like in quantity. Within this range, one or more secondary 
colonies usually appeared at 48 to 72 hours (Figure 1). At 
least four secondary colonies from each plating were estab- 
lished in pure culture. All were found to possess augmented 
tolerance for aureomycin, although the increase was relatively 
small (3- to 5-fold). The ratio of cells of inoculum to mutant 
colonies found was high by comparison with that observed 
with penicillin and streptomycin (Table 3; Figure 1). More- 
over, jt seems probable that the actual ratio may be higher, 
since appreciable growth of the inoculum occurs during the 
first 12-18 hours hours incubation of the aureomycin cultures. 


TABLE 3 


Comparative Frequency of Mutants to Penicillin, Streptomycin, 
and Aureomycin 
































Average Number | Average Mutant | Fold Increase 
Inoculum Mutant Colonies Ratio in Tolerance* 
_Pen‘cillin | 1.3%107 {3 42x10 | 3-10 
Streptomycin 
10 wx 1.3 x 107 63 | 2x10 | _ 10-30 
1000 ug 1.3.x 10° -_ ) io 1000 
Aureomycin 1.3 x 109 17 8 x 108 9-5 





*Two or more mutant types to each drug. 
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Although these ratios do not represent the true mutation 
rates (Luria and Delbruck, 1943; Demerec, 1948), the values 
obtained from pooled cultures are roughly comparable. Hence, 
the first stage mutant ratio to penicillin and streptomycin 
resistance is approximately 200 to 1,000 times greater than 
that to aureomycin tolerance. Translated into clinical terms, 
this means that the probability that aureomycin tolerance, 
even of low grade, may develop during treatment is far less 
than the risk involved with streptomycin and penicillin. This 
prediction involves the assumption that all mutants are of 
equal virulence, which of course may not be justified by fact. 
Of 30 first stage aureomycin mutants tested, all retained the 
coagulase and hemolytic characters of the original culture. 
This was found not to be true of all first stage streptomycin 
and penicillin mutants. 

Aureomycin tolerance of first stage mutants was found to 
be undiminished after 30 transfers on drug-free agar. 

Two first stage aureomycin mutants of FDA 209 were re- 
plated in order to estimate the second-stage mutant ratio. This 
proved to be difficult because 4 to 6 days incubation were 
required before small (.5 to 1 mm.) secondary colonies de- 
veloped. During this period there is marked loss of aureomycin 
activity, so that growth of the original inoculum is resumed 
slowly, with consequent production of additional mutants. 
However, the approximate ratios for the first crop of secondary 
colonies were 5 x 10° and 2x 10° for the two cultures. These 
second stage mutants were found to be of two types: one ap- 
peared to be identical with the original culture with respect 
to the common biological characters: the other produced very 
small colonies upon tryptose agar. Growth of this small colony 
type was found to be strongly stimulated by aureomycin 
(Figure 2), although the drug was not an absolute growth 
requirement. The increase in aureomycin tolerance of these 
second stage mutants was comparatively small (Figure 2), 
and attempts to obtain third stage mutants were not success- 
ful with inocula of .5 to 1 x 10'*. Prolonged incubation of the 
small colony type yielded two types of large secondary colonies, 
both of which grew well on tryptose agar. One type was a 
revert, with respect to aureomycin sensitivity, to the original 
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FDA 209 culture; the other retained its tolerance but had 

acquired the capacity to grow well upon tryptose medium. 
First stage mutants to streptomycin resistance included a 

variety of types (Figure 3). For convenience these are grouped 

















° 
Ria R3 
2 yee 
° Rib 
1 ae | bh 5 = : atl 
a 610 10 Joo 1000 


Streptomycin, Micrograms per Ml (Log scale) 
Figure 3 
Mutants to Streptomycin Resistance from Staphylococcus FDA 209 
So, original “sensitive” culture; R1, R2, and R3, representative first stage 
mutants, the latter requiring streptomycin for growth. Rla and RIb, repre- 
sentative second stage mutants, the latter requiring streptomycin, but 
different from R3. Incubation, 18 hours. 


? 


into those of “low grade” resistance (10 to 20 micrograms per 
ml.) and those of high resistance (1,000 micrograms and 
above). The former included a number of types, as judged 
by differences in colonial, morphological, and biological char- 
acters, and occurred with relatively high frequency (1 per 
4x 10° cells of inoculum). The latter included streptomycin- 
requiring mutants, as well as those resistant to but independent 
of the drug, and appeared with much lower frequency (1 per 
1.6x 10°). The first stage mutants of low tolerance gave rise 
to second stage mutants of high tolerance (1 per 3x 10°) as 
well as mutants of intermediate tolerance (more than 1 per 
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10°). (See Demerec, 1948.) The relatively high mutation 
rate of staphylococci to streptomycin resistance is paralleled 
in clinical experience by relatively frequent development of 
resistance during therapy. 

The initial stage of mutation to penicillin resistance was 
found to be relatively high with FDA 209 (Figure 1; Table 3), 
and the fold increase in tolerance ranged from 3 to 10 for 
different colony types. Second and third stage mutants were 
not studied, as Demerec (1945, 1948) has shown that these 
occur with frequency comparable to those of the first stage, 
and undergo approximately an exponential increase in re- 
sistance with each step. 

Several representative mutants to each drug were tested for 
increased tolerance to the other two drugs. No appreciable 
change in tolerance to the other drugs was demonstrated. 

If the foregoing results can be accepted as representative, 
it would appear that aureomycin possesses an advantage over 
streptomycin and penicillin in that resistant mutants to the 
former drug are less likely to be selected during treatment of 
staphylococcic infections. 

Bacteriostasis with antibiotic pairs. The possibility of obtain- 
ing fore effective bacteriostasis and suppression of drug re- 
sistant mutants by the combined action of two or more anti- 
biotics has aroused considerable interest. For example, syner- 
gistic action of penicillin and sulfathiazole (Ungar, 1943; Big- 
ger, 1944; Stewart, 1947), streptomycin and sulfonamides 
(Eisele and McCullough, 1947; Klein and Kimmelman, 1947), 
and penicillin and streptomycin (Klein and Kimmelman, 1947), 
has been reported. Accordingly an attempt was made to de- 
termine whether evidence of synergy of aureomycin with 
other antibiotics might be obtained in vitro, thereby indi- 
cating possible value in their combined use for therapy. The 
FDA 209 staphylococcus was inoculated to tubes of broth 
containing aureomycin and penicillin of different concentra- 
tions throughout the active range of each drug. Representative 
inhibition curves are reproduced in Figure 4. Only within a 
narrow concentration range (aureomycin, .01 to .015 micro- 
gram; penicillin, .0036 microgram) was there evidence of 
synergy. Within this limited range the combined effect of 
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the two drugs was greater than the expected additive effect. 
On the other hand, concentrations of aureomycin from .01 to 
.015 interfered slightly with concentrations of penicillin be- 
low .0024 micrograms. Thus, more growth was obtained in 
cultures partially inhibited by penicillin in the presence of 
aureomycin than in its absence. Penicillin interfered even 
more markedly with aureomycin at concentrations of the 
latter from .02 to .04 micrograms. A striking illustration of 
this effect is to be observed with 0.0036 microgram penicillin; 
as the narrow range of synergistic concentration of aureomy- 
cin was exceeded, growth was restored to the inhibited cultures. 
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Aureomycin,Micrograms per Ml 
Ficure 4 


Combined Penicillin-Aureomycin Bacteriostasis of Staphylococcus 
FDA 209 


Growth inhibition by aureomycin determined at varying concentrations 
of penicillin. Note zones of interference and synergism. 18 hours incu- 
bation. 

Similar results were obtained with the pair, aureomycin- 
streptomycin (Figure 5). Aureomycin produced strong inter- 
ference with streptomycin. Thus, .01 to .02 microgram aureo- 
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mycin partially reversed the nearly complete inhibitory effect 
of .7 and .8 microgram of streptomycin. Conversely, .3 to .5 
microgram of streptomycin interfered with aureomycin ac- 
tivity within the range of .02 to .04 microgram. 
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Ficure 5 
Combined Aureomycin-Streptomycin Bacteriostasis of Staphylococcus 
FDA 209 

Growth inhibition by aureomycin determined at various concentrations 
of streptomycin. Note concentration zones of interference. 18 hours incu- 
bation. 

The interference effects may depend to some extent upon 
the species or strain of microorganism, as well as upon other 
factors. For example, the authors have observed that the pairs 
aureomycin-streptomycin, and aureomycin-sulfadiazine exert 
a degree of bacteriostasis for Brucella abortus, which appears 
to be more or less a simple additive effect, with no notable 
interference by one drug on the activity of the other. 


Other examples of mutual interference by two bacteriostatic 
agents appear not to be common, perhaps because no deliberate 
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attempts have been made to find them. However, Poth, Wise, 
and Slattery (1946) have observed that the inhibitory effect 
of phthalysulfathiazole on Aerobacter in the human intestine 
is reversed by parenterally-administered penicillin. Accord- 
ing to Donovick, Lapedes, and Pansy (1947), two different 
penicillin types of a mixture may produce a slight but definite 
interference. Certainly, the possibility of mutual antagonistic 
effects of antibacterial agents deserves more intensive and 
careful investigation, particularly in view of the growing 
tendency of clinicians to employ combined therapy in various 
infections. 


SUMMARY 


Twenty-one cultures of staphylococci have been examined 
for antibiotic tolerance. The range of tolerance to aureomycin 
was unusually narrow: by the agar plate method, the limits 
of tolerance ranged from .08 to .3 micrograms; in tryptose 
broth, .012 to .033 microgram per ml. produced 50 per cent 
growth inhibition. The same cultures possessed a range of 
tolerance for penicillin from .006 to 1.0 microgram per ml. 
and for streptomycin from .3 to 3.0 micrograms. 

The incidence of mutants to aureomycin resistance in four 
staphylococcus cultures was relatively low and the increase in 
tolerance was small (3- to 5-fold). For the FDA 209 staphylo- 
coccus, first stage mutants to penicillin and streptomycin were 
200 to 1,000 times more frequent than those to aureomycin 
resistance. 

Among the second stage mutants to aureomycin resistance 
was a small colony type which responded to aureomycin by 
marked growth stimulation. 

Mixtures of varying composition of aureomycin and peni- 
cillin and aureomycin and streptomycin exhibit marked inter- 
ference effects in vitro. Bacteriostasis by one drug often was 
reversed partially by the presence of the other. The effect 
obtained by the antibiotic pairs, whether synergistic, additive, 
indifferent, or antagonistic is a function of the relative con- 
centration of the two drugs. 

The relation of these findings to probable clinical effective- 
ness of aureomycin is discussed. 
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PRESSURE STUDIES ON BONE HEALING: 
A PRELIMINARY REPORT* 


G. W. N. Eccers, THomas O. SHINDLER, AND 
Cuartes M. Pomerat 


Since 1892 when Julius Wolff theorized that the design of 
bone is related to its function, there has been conjecture with- 
out scientific proof that forces influence bone healing. Experi- 
mental studies were designed in order to test a hypothesis 
evolved that pressure favorably influences osteogenesis in sur- 
gical fractures. The problem of securing living bone free from 
compression, tension, or muscular influences, yet adequate for 
the application of experimental devices to produce a con- 
trollable artificial force, resolved into the selection of the parie- 
tal bone of adult rats. It was considered that this selection 
would provide a highly critical test of the hypothesis estab- 
lished since membrane bone is notably poor in its osteogenic 
response. 


Technique 


The experimental operative procedures were performed un- 
der inhalation ether anesthesia. After longitudinal incision of 
the skin and superficial fascia over the middle of the skull of 
mature white rats, the procedure consisted of making a three- 
sided flap in the left parietal bone with a rotary saw 150 u. 
thick and 1.38 cm. in diameter. One cut was made parallel 
to the sagittal suture, another 2 to 3 mm. lateral to this, and 
a third connecting the two anteriorly. The flap with its 
periosteum remained attached behind, providing a point of 
fixed anchorage. 

A small hole was drilled in the flap anteromedially and 
another laterally at the same level through the left temporal 
bone after reflecting the temporal muscle. Cotton thread 
(No. 8) put through these holes extradurally and extra- 
cranially was tied tightly so that the bone flap turned slightly 
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laterally, approximating with some compression the bony mar- 
gins of the lateral cut and leaving the margins of the medial 
cut separated by not more than 300 u. at the anterior pole. 
The skin and superficial fascia were closed with interrupted 
cotton sutures. 

Three animals were operated. Two were treated in the man- 
ner described, and in the third the bone flap was made but 
was not compressed. Adequate controls were provided by the 
study of the noncompressed sides in the two compressed ani- 
mals and by both sides in the non-compressed one. 

After 17 days post-operative, the two compressed animals 
were sacrificed, and after 94 days the non-compressed animal 
was sacrificed. The entire flat surface of the calvarium of 
each rat was excised circularly and placed in 10 per cent 
Zenker-formalin, followed by decalcification in 2 per cent 
hydrochloride acid and imbedded in paraffin. The skull of each 
animal was serially cross sectioned from behind forward, and 
these sections were stained with hematoxylin and eosin. 


Results 


A lateral compressed fracture site and a medial non-com- 
pressed fracture site could be observed in the cross sections 
taken from the two compressed animals. Similarly two non- 
compressed fractures could be seen in sections from the control 
animal. 

The compressed lateral cut of both animals showed complete 
bony union (Fig. 2) whereas medially there was virtually no 
evidence of osteogenesis in the fracture interval (Fig. 3). The 
lateral and medial fractures of the non-compressed animal 
showed very little osteoblastic activity (Figs. 5 and 6). 


Discussion 


It is difficult to distinguish between contact and compression, 
and it is believed that insured contact is impossible experi- 
mentally without some compression. The term contact-com- 
pression factor is suggested to incorporate the principle of 
application of compression and insured contact to fracture 
margins. Additional experimental studies will be included in 
the final report. 
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Fic. 1 (x17). Cross section of calvarium of rat showing the medial and 
lateral fracture sites, after 17 days. 

Fic. 2 (x60). Higher power of lateral cut (compression side) showing 
complete bony union. 

Fic. 3 (x60). Higher power of medial cut (non-compression side) 
showing virtually no osteogenesis in the fracture interval. 

Fic. 4 (x17). Cross section through calvarium of non-compressed animal 
showing the medial and lateral fractures, after 94 days. 

Fic. 5 (x60). Higher power of lateral cut showing no bony union. 

Fic. 6 (x60). Higher power of medial cut showing some osteogenesis 
but without union. 
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SUMMARY 


It has been found possible to induce a linear cut in the 
parietal bone of young adult rats to achieve osseous union in 
17 days simply by applying compression to the bony margins. 
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Items of possible interest to friends of our effort 


DecEMBER, 1948 


Clinical: Give yourself and friends a little rest during the holidays; you'll 
all profit. 

Get a copy of World Health Organization’s Manual of International 
Classification of Diseases, Injuries and Causes of Death (available from 
H. L. Dunn, National Office of Vital Statistics, Washington 25, D.C., 2 
vols., $2.50). S. J. Sarnoff, E. Hardenbergh and G. J. Whittenberger 
devise electrophrenic respirator, producing smooth diaphragmatic contrac- 
tion and relaxation (Science 108:482, Oct. 29, 1948, details to appear in 
J. Clin. Invest. and Am. J. Physiol.). L. R. Krasno, M. Grossman and 
A. C. Ivy endorse norisodrine (aleudrin, di-hydroxyphenyl]-isopropylamino- 
ethanol) inhalation in treating asthmatic diseases (Science 108:476, Oct. 
29, 1948). Send your order for C. C. Sturgis’ Hematology, it’s a must 
(C. C. Thomas, Springfield, Ill., 1948, 946 pp., $12.50). Helpful is L. H. 
Newhurgh’s Significance of Extracellular Fluid in Clinical Medicine (J. 
W. Edwards, Ann Arbor, Mich., 1948, 64 pp., $1.75). H. Eagle and J. R. 
Heller edit symposium on syphilis (Am. J. Med. 5:629-735:48). E. D. 
Freis and J. R. Stanton find veratrum viride useful in hypertensive heart 
disease if given carefully (Am. Heart J. 36:723, 1948). I. G. Fels and 
V. H. Cheldelin show methionine is effective in selenium poisoning (J. 
Biol. Chem. 176:819, 1948). P. H. Long summarizes Sulfonamide and 
Antibiotic Therapy (Saunders, Phila., 1948, 231 pp., $3.50). F. D. Mott 
and M. I. Roemer discuss Rural.Health and Medical Care (McGraw-Hill, 
N.Y., 1948, 625 pp., $6.50). S. Smith reviews The Psychological Origin 
and Treatment of Enuresis, a practical discussion of bed-wetting (Univ. 
Washington Press, 1948, Seattle, 79 pp., $1.75). W. Mons offers Prin- 
ciples and Practice of the Rorschach Personality Test (Lippincott, Phila., 
1948, 164 pp., $4). R. C. Truex and C. E. Kellner issue Detailed Atlas of 
the Head and Neck (Oxford Univ. Press, N.Y., 1948, 175 pp., $15). L. 
R. Wolberg revives Medical Hypnosis: Principles and Practice of Hypno- 
therapy (Grune and Stratton, N.Y., 1948, 2 vols., 460 pp. and 520 pp., 
$5.50 and $6.50). E. C. Kelly compiles useful Encyclopedia of Medical 
Sources (Wms. and Wilkins, Balt., 1948, 481 pp., $7.50). F. A. Patty 
edits important Industrial Hygiene and Toxicology (Interscience, N.Y., 
Vol. 1, 1948, 559 pp., $10; Vol. 2, 1949, 750 pp., $15). L. W. Chu and 
C. H. Huang show sulfadiazine is not prophylactic for gonorrhoea 
(Chinese Med. J. 66:312, 1948). N. Little and H. Palmer suggest zinc 
therapy in acute porphyria, which like polio, involves anterior horn cells 
(New Zealand Med. J. 47:461, 1948). R. Jung and J. F. Tommies pro- 
pose recording method for human nystagmus (Klin. Wochnschr. 26:513, 
Sept. 1, 1948). 
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Puarmaco.ocicaL: M. L. Tainter edits interesting symposium on new 
synthetic analgesics, in which many important ideas and sources are 
missing (Ann. N.Y. Acad. Sci. 51:1-174, 1948). J. Verne describes toxicity 
studies in tissue culture (J. Physiologie 49:1, 1948). J. Levy well reviews 
spasmolytic drugs (ibid., p. 23). T. V. Arden and Company apply A. J. 
P. Martin and Co’s. partition chromatography (Biochem. J. 37:79, 1943) 
to estimation of inorganic compounds (Nature 162:691, Oct. 30, 1948). 
F. Brink and J. M. Posternak give thermodynamic analysis of relative 
effectiveness of narcotics in proposing molecular basis of narcosis (J. Cell. 
Comp. Physiol. 32:211, 1948). A. Mazur and E. Shorr identify hepatic 
vasodepressor material participating in regulation of peripheral circulation 
as ferritin or apoferritin (J. Biol. Chem. 176:477, 1948). F. M. Burnet 
and Co. show influenza virus inhibition by muco-proteins (Austral. J. 
Exp. Biol. Med. Sci. 26:347-412, 1948). A. Fleisch and C. Baud find 
“parpanit” (Diethylaminoethyl-phenylcyclopentant carbamate) paralyses 
receptros of deep sensibility, reducing muscle tone (like curare) and re- 
lieving Parkinsonian symptoms (Helv. Physiol. Pharmakol. Acta. 6:331, 
1948). W. M. Benson notes inhibition of cholinesterase by adrenaline 
(Proc. Soc. Exp. Biol. Med. 68:598, 1948). B. A. Levitan finds rutin 
inhibits hyaluronidase spreading but does not antagonize histamine (ibid. 
p. 566, 569). 

YeEar’s WIND-UP: Stimulating is N. Wiener’s Cybernetics or Control and 
Communication in the Animal and the Machine (Wiley, N.Y., 1948, 
194 pp., $3). A. Hottinger and Co. survey grim European trio Hunger- 
krankheit, Hungeroedem, Hungertuberkulose (Schwabe, Basel, 1948, 316 
pp., SWFr28). E. E. DeTurk edits excellent symposium on Freedom from 
Want, a survey of possibilities of meeting the world’s food needs (Chron. 
Botan. 11:211-283, 1948). Note symposium on applied physical anthro- 
pology, including identification of war dead, design of apparel and ma- 
chinery, and medico-legal aspects of the skeleton (Am. J. Phys. Anthropol. 
6:315-380, 1948). B. Vesey-Fitzgerald edits monumental Book of the Dog 
for 62 contributors (Nicholson, London, 1948, 1054 pp., 42s). NB: Use 
term “Animal Hospital” for experimental animal quarters. D. Richter 
and R. M. C. Dawson find brain lactic acid reduced in sleep and increased 
in emotional excitement (Am. J. Physiol. 154:79, 1948). R. J. DuBos 
discusses cellular structures and finctions in parasitism (Bact. Rev. 12:173, 
1948). A. B. Stavitsky describes mechanisms of host resistance in spiro- 
chetoses (ibid., p. 203). M. H. Knisely and Co. discuss selective phagocy- 
tosis (Biol. Skr. 4, No. 7, 93 pp., Copenhagen, 1948). 


~*~ 


January, 1949 


Curnicau: C. V. Harrison suggests local arteriosclerosis may result from 
healing of small embolic thrombi (J. Path. Bact. 60:289, 1948). A useful 
survey is W. H. Seeger and E. A. Sharp’s Hemostatic Agents with Par- 
ticular Reference to Thrombin, Fibrinogen and Absorbable Cellulose 
(C. C. Thomas, Springfield, Ill., 1948, 145 pp., $4.75). Useful also is J. L. 
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and C. B. DeCourcy’s Pathology and Surgery of Thyroid Disease (C. C. 
Thomas, Springfield, Ill., 1948, 510 pp., $7.50). N. F. Maclagen reports 
similarity of flocculation tests and that they are positive for gamma globu- 
lin excess and need standardization (Brit. Med. J. 2:892, Nov. 20, 1948). 
E. Hauptmann proposes direct smear diagnosis of cancer and finds 8 cell 
types characteristic of cancer (Amer. J. Path. 24:1199, 1948). A. Altmann 
and J. F. Murray describe protein deficiency as factor infantile anemia 
in malnutrition (S. Afr. J. Med. Sci. 13:91, 1948). K. S. Mathur notes 
low hippuric acid excretion after IV injection of benzoic acid in right 
ventricular failure proportional to degree of decompensation, with test to 
no value prognostically in left ventribular failure (nd. Med. Gaz. 83:262, 
1948). A. K. Vuori finds blood coagulation time shortened in emotional 
states and physical exercise (Ann. Med. Int. Fenniae 37:167, 1948). 

SLicHTING Previous Work Dept.: L. J. Meduna revives CO, inhala- 
tion for alteration of neurotic patterns (J. Nerv. Ment. Dis. 108:373, 1948) 
without reference to A. S. Loevenhart, R. M. Waters, A. E. Guedel and 
others (JAMA 92:880, 1929, Calif. West. Med. 31:20, 1929). J. Suess, 
D. Limentani and W. Dameshek describe method of charting erythrocyte 
hypotonic fragility (Blood 3:1290, 1948) without reference to statistical 
appraisal of normal standards (JAMA 85:899, Sept. 19, 1925). 


BIoCHEMICAL: Important 1st vol. appears of The Hormones: Chemistry, 
Physiology and Applications (Ed. G. Pincus and K. V. Thimann, Aca- 
demic Press, N.Y., 1948, 886 pp., $13.50). S. Morgulis translates and edits 
M. Florkin’s Biochemical Evolution (Academic Press, N.Y., 1948, 180 pp., 
$4). Emphasizing enzymes and metabolism, E. Baldwin discusses Dynamic 
Aspects of Biochemistry (Macmillan, N.Y., 1948, 457 pp., $5). H. Siplet 
and Co. devise method of estimation mucin in gastric juice and find it 
low after histamine (J. Biol. Chem. 176:545, 1948). A. Taurog and I. L. 
Chaikoff show circulating thyroid hormone to be thyroxin loosely bound 
to plasma protein (ibid., p. 639). Gowland Hopkins Memorial reviews 
new trends in biochemistry (Brit. Med. Bull. 5:299-348, 1948). R. Wolff 
and E. Lavergue find adenosine triphosphate in blood cells increases in 
anemia ‘(Bull. Soc. Chim. Biol. 30:287, 1948). U. S. Von Euler identifies 
adrenergic nerve transmitter with l-norepinephrin (Acta. Physiol. Scand. 
16:63, 1948). C. E. Dent publishes spot map of 60 amino acids identifiable 
by phenol-collidine chromatography (Biochem. J. 43:169, 1948). K. Bailey 
describes tropomyosin, an asymmetric protien compound of muscle fibril 
(Biochem. J. 43:271, 1948). A. I. Lansing and Co. find epidermal cancers 
can’t store or exchange calcium (Arch. Biochem. 19:177, 1948). E. Arjona 
and Co. note increase in blood histaminase in anaphylactic schock (Bull. 
Inst. Med. Res. Univ. Madrid 1:121, 1948). 

PHARMACOLOGICAL: Note symposium on aureomycin, new antibiotic iso- 
lated from streptomyces aureofaciens by B. M. Duggar (Ann. N.Y. Acad. 
Sci. 51:177-342, 1948). R. L. Cahen and Co. describe rapid screening 
method for testing analgesic action (J. Pharmacol. 94:328, 1948). W. deB. 
MacNider and Co. show BAL (dithiopropanol) unable to prevent uranium 
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renal injury (J. Pharmacol. 94:262, 1948). D. Bovet and F. Bovet-Nitti 
offer important Structure et Activite Pharmacodynamique des Medica 
mentes du System Nerveux Vegatatif (Karger, Basel, 1948, 840 pp., SwFr 
85). J. Freud and I. E. Uyldert describe olefactory-micturition behavior 
patterns as influenced by sex hormones and loval anesthesia of nose 
(Acta. Brevia Neerland Physiol. 16:49, 1948). M. Fabinyi and Co. report 
histamine causes swelling of collagen (Arch. Internat. Pharmaco. 77:270, 
1948). J. McMichael surveys pharmacology of the failing heart (Brit. 
Med. J. 2:927, Nov. 27, 1948). E. C. Dodds reviews carcinogenic and 
anticarcinogenic substances (Lancet. 2:837, Nov. 27, 1948). 

Oruericat: L. I. Dublin reviews centennial of public health (Amer. 
J. Pub. Health 38:1635, 1948). H. R. Viets reviews past century in neu- 
rology (Bull. N.Y. Acad. Med. 24:772, 1948). E. L. Brown foresees in 
Nursing for the Future deliberate development of 2 kinds of nurses, pro- 
fessional and practical (Russell Sage Foundation, N.Y., 1948, 198 pp., $2). 
E. Ginzberg and Co. agree (Program for the Nursing Profession, Mac- 
millan, N.Y., 1948, 108 pp., $2). C. W. Churchman in Theory of Exzperi- 
mental Influence claims ethical basis for meaning in experimental science 
(Macmillan, N.Y., 1948, 220 pp., $4.50). L. Bryson edits vast symposium 
on Learning and World Peace, in which S. Mudd notes survival value of 
science (Harper’s N.Y., 1948, 694 pp., $6.50). 


Fesruary, 1949 


Curnicat: J. F. P. Erasmus reviews theories of pain (South Afr. Med- 
J. 22:683, Nov. 13, 1948). E. D. Freis & Co. (Am. J. Med. Sci. 216:163, 
1948) confirm A. Stoll (Helv. Chim. Acta. 29:635, 1946), E. Rothlin 
(Bull. Acad. Suisse Sci. Med. 2:1, 1946) and H. J. Bluntschli (S. Afr. 
Med. J. 21:382, 1947) that dihydro ergot alkaloids are effective in lower- 
ing blood pressure in hypertension. T. Gold and R. J. Pumphrey discuss 
physical basis of cochlear action, showing ear operates as frequency 
analyser for coding sound waves for brain handling (Proc. Roy. Soc. B. 
135:462, 1948). H. Hartet proposes thromboblastography for clotting and 
retraction (Kl. Wcehn. 26:577, Oct. 1, 1948). J. F. Howard and R. J. 
Meyer well survey intoxication with vitamin D (J. Clin. Endocr. 8:895, 
1948). F. G. Humble neatly explains mechanism of petechial hemorrhage 
(Blood 4:69, 1949). W. J. Kerr discusses pathogenesis of acute rheumatic 
fever (Ann. Int. Med. 29:587, 1948). T. E. and E. R. Love blame cardiac 
aneurysm on myocardial infarction (Austral. J. Exp. Biol. 26:497, 1948). 
S. D. Rubbo suggests control methods for hospital infections (Med. J. 
Austral. 2:627, Nov. 27, 1948). E. L. Sevringhaus describes clinical use 
of estrogens (Ann. Int. Med. 29:595, 1948). Note symposium on peptic 
ulcer, with E. Meulengracht on diet (Practitioner 161:1, 1949). O. Urteaga 
B. shows anemia of Carrion’s disease is due to hemolytic influence of 
bartonella complex (Arch. Peru Pat. Clin. 2:355, 1948). R. J. Winzler 
and I. M. Smith note doubling of plasma mucoprotein in cancer patients 
in contrast with healthy average (J. Clin. Invest. 27:617, 1948). 
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BrocHemicat: F. J. Farrerous & Co. show antihistaminic action of 
sympathin (Rev. Espan. Fisiol. 4:57, 1948). Get D. Glick’s Techniques of 
Histo. and Cytochemistry (Interscience, N.Y., 1949, 521 pp., $8). A. V. 
Hill shows propagation of muscle contraction from diffusion of substance 
liberated at surface during excitation (Proc. Roy. Soc. B. 135:446, 1948). 
F. Koller and Co. discuss clinical variations in alkaline serum phosphatase 
(Helv. Med. Acta. 15:356, 1948). A. Mirsky & Co. describe properties, 
distribution and action of insulinase (Arch. Biochem. 20:1, 10, 1949). D. 
Nachmansohn and others sympose on role of acetycholine (Bull. Johns 
Hopkins Hosp. 83:463, 1948). M. M. Rapport & Co. isolate crystalline 
serum vasoconstrictor “serotonin” as strong reductant with indole group 
(J. Biol. Chem. 176:1243, 1948) and find lung enzyme which inactivates 
it (J. Lab. Clin. Med. 33:1606, 1948). P. Seabra (Rio) shows neutro- 
philic oxidase shifts rapidly to erythrocytes in reduced oxygen tension 
(Bull. Schweiz. Akad. Med. Wiss. 4:391, 1948). B. F. Sieve concludes 
survey of vitamins and hormones in nutrition with note on effect of emo- 
tional upset and trauma (Am. J. Digest Dis. 16:14, 1949). S. Threefoot 
& Co. report biologic decay rates of isotopes in man (J. Lab. Clin. Med. 
34:1, 14, 1949). O. Winger and C. Roberts note inheritance of enzyme 
characters in yeast (Comp. rend. Trav. Lab. Carlsberg 24:263, 1948). 

PuHarMaco.ocicaL: W. A. Bain & Co. report great variation in response 
to histamine antagonists (Lancet 2:964, Dec. 18, 1948). S. Bellet and 
C. S. Nadler find quinidine and balanced electrolytes useful in persistent 
hiccup (Am. J. Med. Sci. 216:680, 1948). M. Bock and W. Kikuth report 
trichlordinitrophenyl ethane useful in rickettsiosis (Kl. Wchnschr. 26:691, 
Nov. 15, 1948). A. Mauro, A. P. Truant and E. L. McCawley devise 
electrotechnic for neuropharmacology in appraising local anesthetics (Yale 
J. Biol. Med. 21:113, 1948). G. Organe and Co. note high potency and 
low toxicity of trimethyl ammonium decane and pentane diiodide. as 
ganglionic blocking agents (Lancet 1:21, Jan. 1, 1949). L. W. Sizer notes 
oxidation of poison ivy allergens by copper containing laccase, an enzyme 
like tyrosinase, and by inorganic copper ions (Arch. Biochem. 20:103, 
1949). J. Ten Cate and J. T. F. Boeles show EEG effects of quinine 
(Arch. Internat. Pharmaco. 77:468, 1948). J. Verne demonstrates tissue 
culture tolerance to morphine (J. Physiologie 40:1, 1948). S. A. Waksman 
surveys antibiotics (Biol. Rev. 23:452, 1948). G. H. Werner and E. 
Kellenberger note streptomycin action on microbes with electron micro- 
scope (Bull. Schweiz. Akad. Med. Wiss. 4:263, 1948). T. S. and E. Work 
offer The Basis of Chemotherapy (Interscience, N.Y., 1948, 456 pp., $6.50). 

Anp So Forruicat: E. Begtrup edits festschrift for E. Meulengracht 
(Acta. Med. Scand. 131, Suppl. 213, 1948, Copenhagen, 364 pp). C. W. 
Churchman in Theory of Experimental Inference claims ethical basis for 
meaning in experimental science (Macmillan, N.Y., 1948, $4.50). W. N. 
Evans suggests cultural significance of changed attitude toward work in 
Great Britain (Bull. Menninger Clinic 13:1, 1949). Recommend A. Frey- 
Wyssling’s Submicroscopic Morphology of Protoplasm, translated and revised 
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from 1938 ed. by J. J. Hermans (Elsevir, N.Y., 1948, 263 pp., $6). D. G. 
Marquis outlines scientific methodology in human relations (Proc. Am. 
Philosoph. Soc. 92:411, 1948). C. M. Pomerat & Co. describe macrophage 
promoting factor (Am. J. Anat. 84:1, 1949). Note symposium on em- 
bryonic development (Ann. N.Y. Acad. Sco. 49:663, 865, 1948). J. C. 
Trent (14-48) made fine valedictory in discussion of John Coakley Lett- 
som (1744-1814) and friends (Surg. Gyn. Obs. 88:134, 1949). H. V. 
Zollinger shows changes in mitachondria in pathology of cloudy swelling 
(Schweiz. Ztschr. Path. Bact. 11:617, 1948). 











